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INTRODUCTION 

S a rule, there are more chances to effect desirable economies 
in the boiler room than in all other places around the plant. 



9 Yet how can one do it?- What is the procedure? How is it 
that Bill Thompson over in his plant can always make the same 
coal last longer, get more results — and frequently bring the fac- 
tory superintendent down to the boiler room with a smile on his 
face at what is being accomplished? How does Bill do it? 

^ It's this way: Getting the good out of a good boiler consists not 
merely in shoveling coal in the front door, or turning on the 
stoker. Nor will starting the feed pumps once in a while, or 
moving the drafts and dampers occasionally, do all the work. 

^A good boiler-room man knows not only the apparatus which 
happens to be set up in his particular plant, but he knows also 
the good and bad apparatus in the plants of his brother engineers. 
He keeps thinking all the time about what his particular equip- 
ment is doing, what it might do, what he can make it do — if he 
just changes this or that a little, or coaxes along such and such a 
jpump, or stoker, or blower, or grate, or — ^anything else of the 
kind in his domain. He first knows apparatus and principles — 
and then sets out to apply what he knows to his own particular 
establishment. He does not necessarily change everything 
around, but he goes at his work sanely, intelligently — ^and pro- 
ceeds to work out better and more result-getting solutions than 
anybody on his job ever did before. That is the way the Bill 
Thompsons of the business have gotten where they set out to go. 

^ It is the purpose of this little book to give the practical man on 
the job help toward what we have called the Bill Thompson 
class — in other words, the best boiler men in the field. The book 
takes up the infinite detail of boiler rooms and explains clearly, 
adequately all features. There are two sections. The first dis- 
cusses boiler accessories — the feed-water heaters, pumps, super- 
heaters, safety valves, fusible plugs, and such that are found in 
current boiler room equipment. The second section deals with 
boiler practice — the firing, stoking, cleaning, setting, testing and 
general care of boilers in all their relations. 

^ In the book the practical boiler man will find his own equip- 
ment and that of others explained. By borrowing an idea here, 
and another there, and studying how the whole plant works, the 
boiler-man should be able to get very much more good from 
his equipment in the future. 
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A proper consideration of the subject of "Boiler Accessories 
presupposes the reader to possess a fairly complete understanding 
of the purposes for which boilers are used, and of their main charac- 
teristics as to design and arrangement. In order to operate a boiler 
successfully many devices have been developed. Some of these 
devices are primarily concerned with the routine operation of the 
boiler and are those which make it possible to operate it at all. 
Many others are used in conjunction with boilers with the purpose 
of promoting a more economical performance, although these same 
devices may also contribute to greater safety. In the present 
treatment it is thought best to deal with the several items of the 
subject by taking up first the parts which have to do with the pres- 
sure, that is, with all of the devices which are included in the steam 
and water side of the steam-generating system, thus leaving the 
devices used in the generation and delivery of heated gases to be 
treated in the last part of this paper. 



BOILER ATTACHMENTS 

MANHOLES AND HANDHOLES 

Characteristics of Manholes. A manhole allows access to the 
boiler for cleaning and repairs. It is elliptical in form and large 
enough to admit a man. About 16 inches for the major axis, and 
12 for the minor axis, is a good size. The manhole is. closed by a 
plate or cover made of cast iron or forged steel. This plate is held 
to the seat by a yoke, or yokes, and bolts, the pressure inside of the 
boiler pressing the plate against its seat. Fig. 1 shows one form, 
Y being the yoke, L the cover, and N the bolt. The joint between 
the cover and the shell is made steam tight by packing. 

Reinforcing Plates. The strength of the boiler should always 
remain unimpaired; so, whenever a large hole is cut in the plate, the 
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BOILER ACCESSORIES 

structure as little as possible. In shell boilers, if the manhole is 
placed on the cylindrical part, the major axis is placed in the 
same direction as the girth seam because the danger of rupture 
due to internal pressure is only half in girth what it is longi- 
tudinally. 

Use of Handholes. Handholes are commonly placed in boilers 
to give access to parts where a man cannot enter; for instance, in 
many horizontal return-tube boilers there may be a handhole in 
each end near the bottom. They are convenient to admit hose 
for washing out the boiler and for the removal of scale and sedi- 
ment. Handholes are similar to manholes in construction, but 
usually require only one yoke and one bolt to keep them in place. 
Handholes greatly facilitate cleaning the fire-box water leg of 
locomotive and small vertical boilers, 

Individual and Group Handholes. The development of water- 
tube boilers has brought about a great variety of schemes for giving 
access to tubes for their renewal and cleaning in such cases where 
the tubes are expanded into headers or manifolds not large enough 
to admit a man (Fig. 50, "Types of Boilers")- Provision is usually 
made for access by providing a hole opposite each end of the tube. 
These holes are not always elliptical but may be circular, provided 
the plates can be removed from the boiler head at some other loca- 
tion. In one type, the plate which makes the closure is placed on 
the outside of the opening, with the yoke on the inside, thus com- 
pelling the plate to resist the pressure in lifting it from its seat. In 
this case no gasket is used in the joint, but dependence is placed 
upon ground joints both where the plate meets the seat and where 
a blind nut presses against the plate to hold it in place. 

Some water-tube boiler designers try to overcome the diffi- 
culties of having separate holes for each tube by having handholes 
large enough to serve groups of tubes; others provide separate holes 
for each tube, but shape the handhole slightly different than ellip- 
tical in order to obtain the advantage of interchangeability having 
the plate on the inside of the header or box. In fact, the problems 
arising from the necessity of providing access to tubes have given 
rise in their solution to a great variety of boiler designs, in many 
cases determining the main features which enter into boiler con- 
struction. 
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SUPPORTS 

Importance of Adequate Supports. Since a. boiler is constructed 
of heavy materials and contains a great deal of water, and at the 
same time is subjected to hi^ and varying temperature stresses, it 
f^ould be carefully supported. It is not good practice to depend upon 
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masonry abo\'e the fire line for holding the boiler in position, though of 
course this is permissible, if the operating conditions are not severe, 
and if due diligence is practiced in the inspection of the brickwork after 
a gowj design has been selected. Not a few severe boiler explosior_s 
have been attributed to improper supporting designs. This is espe- 





I dF BupportLns BoLlc 



cially true in cases of boiler and pipe failures where boilers have settled, 
thus drawing heavy steam piping of a rigid form down with them. 

Types of Construction. There are two common methods of 
supporting boilers: (1) by means of brackets; (2) by suspending 
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Braekd Supports. In horizontal tubular boilers it is customary 
to use two brackets on each side. The front brackets rest on the 
brickwork, but the others rest on 
small iron rollers to allow for 
expansion. Brackets are so ar- 
ranged that the plane of support 
will be a little above the middle 
of the shell. There are several 
forms of brackets. The form 
. shown in Fig. 3 is usually made 
of cast iron and is provided with ^"^ 
rivets above the flange of the "^^ 

bracket. It is better to have 
the rivets both above and below 
the Sange, as shown in Fig. 4. 

Svapension Supports, Fig. 5 
shows one method of suspending 
from beams. A lug made of 
wrought iron is riveted to the 
plates of the boiler. A bolt hav- ^%hJi 
ing one end bent like a hook holds "' 

the lug from the beam. In Fig, 6 the 
lug is replaced by a loop of wrought iron. 
Fig. 7 shows another method of suspen- 
sion, the connection between the rod and 
the boiler plates being short pieces of 
boiler plate arranged for flexibility. 

When the boiler is of small diameter, 
it may be suspended as shown in Fig. 8. 
Water-tube boiler supports are as 
numerous as the types of boilers manu- 
factured. The tendency is to provide a 
..^ form of support which permits the erec- 
v^ tion of the entire boiler before construct- 
su»- ing any of the enclosing masonry. Suit- 
'^"^^ able facilities must be provided for the 
expansion of the boiler proper by leaving space between the 
boiler and the masonry, which is filled in with some more or less 
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6 BOILER ACCESSORIES 

pliable material, such as mineral wool, which at the. same time will 
exclude air from entering the setting. 

FUSIBLE PLUGS 

Necessity for Use. Fusible plugs are used as a safeguard 
against the effects of carrying water at too low a level in the boiler. 
They are especially serviceable in such cases as they provide a 
warning when the water over the crown sheet of a fire-box boiler 
becomes too shallow. The best municipal and government regu- 
lations include requirements stating exactly the form and position 
of plugs on all kinds of boilers; these regulations, if carried out as 
intended, are of considerable service although it must be understood 
that too much reliance should not be placed upon a device of this 
character. 

Types of Plugs. There are two main forms of fusible plugs: 
those which on blowing out require the immediate shutting down 
of the boiler, and those which act as a warning only, being capable 
of replacement without shutting the boiler down. The tend- 
ency of practice is to allow only the first kind, and also to avoid 
the use of valves which may shut off the escaping steam after a 
plug has blown out. The latter remark applies to the form of 
fusible plug which is in communication with a pipe projecting below 
the water line, a type frequently used in the drums of water-tube 
boilers. These plugs consist of a core composed of an alloy of tin, 
lead, and bismuth, with a covering of brass or cast iron. The United 
States inspection law requires at least one fusible plug to be put in 
every marine boiler, with the exception of water-tube boilers, the 
plug to be made of a bronze casing filled with good quality Banca 
tin from end to end. While this plug is kept at a comparatively 
low temperature by water on one side, the fire on the other side will 
not melt it; when the water level becomes low enough to leave one 
end of the plug uncovered, the alloy core of the plug, having a con- 
paratively low melting point, will fuse and run out of its casing, 
thus relieving the pressure in the boiler and allowing the excess of 
steam to extinguish the fire, which otherwise would be likely to 
destroy the crown sheet. 

Unreliability. Fusible plugs are frequently unreliable. Some- 
times they will blow out when there is no apparent cause, and some- 
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mes renuun intact when the plates have become overheated. If a 

lating of hard scale is allowed to accumulate over the plug, it may 

and considerable pressure even 

ter the core has become melted. 

provide against this, the plug 

lould be replaced frequently, 
allowed to remain in the boiler 

r any length of time, the com- 

isition of the alloy is likely to 

lange, the plug thus becoming 

ore or less unreliable. 

Construction. Figs. 9 and 

) illustrate the ordinary plug. ""™ 

should be so made that, when screwed into the crown sheet, it 

ill project la or 2 inches above the plates, so that when the alloy 

elts there will be a sufficient depth of water over the crown sheet 

■ prevent injury from heat. 

Sometimes the core is covered with a thin copper cap, as shown 
Fig. 9, which protects IJie alloy from contact with the water, thus 

■eventing a chemical change and the formation of scale. It does 

it necessarily follow that a hole ^ inch or i inch in diameter will 

)erate steam fast enough to prevent excess of pressure. If, how- 
ever, the quantity of es- 
caping steam and water 
is considerable, combus- 
tion will be retarded and 
the fire will be partly 
extinguished. This will 
operate to warn the fire- 
man of what has hap- 
pened; and, if the escape 
of steam is not too rapid, 
he may throw wet ashes 
or fresh coal over the 
entire fuel bed and thus 

aden the fire. By almost closing the damper, combustion will be 

iuced to such a point where the boiler can be taken out of service 

thout endangering the boiler crown sheet. 





8 BOILER ACCESSORIES 

STEAM QAQES 
Working Steam Pressure. The steam pressure in the boiler b 
measured in pounds per square inch. When we say the boiler is 
working or steaming at 80 pounds 
pressure, we mean that the gage 
pressure is 80 pounds; that is, the 
pressure in the boiler is 80 pwunds 
above atmospheric pressure. It could 
be measured by a water or mercury 
column; but, as these would need 
to be very high to measure the 
pressures used at the present day, 
they are not practicable, and ft* 
this reason a spring pressure gage ]s 
used instead. 

Bourdon Dial Qage. The dial 
gage, now used almost universally, was invented by M. BourdoiL 
It is designed in accordance with the principle that a Battened, 
curved tube closed at one end tends to become straight when sub- 
jected to internal pressure. 

The tube, which is usually oval in section, is bent into the arc- 
of a circle as shown in Fig. 11. One end is fixed, and is in cont- 
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munication with the boiler. The other is closed and free to move. 
By means of levers, a curved rack, and a pinion, the motion of the 
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free end is multiplied and indicated by a needle, which is attached 
to the pinion. The needle moves over a dial which is graduated 
to agree with a mercury column, or with a standard gage. The 




backlash of the levers is taken up bj a hairspring Fig. 12 shows 
the interior and face of a Bourdon steam gage manufactured by 
the American Steam Gage Company 




□t Needle Prevented 



Fig. 13 shows the exterior and interior of a steam gage. The 
face of the dial is graduated. The only difference between this 
gage and a vacuum gage is that in the latter the curved tube ><> 
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turned in the opposite direction, so that the needle will move 
clockwise with a decrease of pressure. 

Locomotive Steam Qages. On account of the jarring, the gage 
for locomotives must be very strong. To prevent excessive vibra- 
tion of the needle, two short, stiff coil segments are used, as shown 
in Fig. 14. 

Use of Testing Qage. Sometimes two pressure gages are fitted 
to a boiler; one indicating the working pressure, and the other gradu- 
ated to about twice the working pressure. The latter is useful in 
testing the boiler under water pressure, and also serves as a check 

on the other. The pipe which connects the pres- 
sure gage to the boiler should have bends in it 
near the gage. These bends — or, better, a coil 
pipe, as shown in Fig. 15 — are filled with water, 
which transmits pressure and keeps the spring 
at a nearly constant low temperature. Gages 
should be placed where the water in the coiled 
pipe will not freeze; also, the gage should not bf 
exposed to a high temperature. In order that 
the gage may be removed from the boiler for 
examination, repairs, or calibration, while the 
boiler is under pressure, the connection should be 
provided with stopcocks. 

In a battery of boilers, each should have it$ 
pressure gage, which should be connected directly 
to the boiler, not to the steam pipe. 

Special Features. For stationary practice 
many kinds of gages are manufactured, but the 
principle of operation is always the same; 
the differences are mainly in the accuracy of the indicators 
and in the enclosing cases. To make the dials more easily read 
lights are sometimes placed behind the dials so as to shine 
through, thus bringing the figures out distinctly; these are termed 
illuminated dial gages. To preserve the accuracy of the instru- 
ment the mechanism is usually enclosed in a dust-proof case. 
Where the distance between the observer and the dial is consid- 
erable, the dials should be large in diameter and the figures made 
very distinct. 




Fig. 15. Water-Filled 
Coil Pipe for Connec- 
tion to Steam Gage 
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WATER COLUMNS 

Description. A water column is a boiler attachment used for the 
purpose of determining the level of the water. A complete column 
consists of a cylindrical chamber. Fig. 16, in direct communication 
with the boiler in two different places, viz, the steam space and 
the water space, carrying on one side, with connections in the upper 
and lower parts of the cylinder, 
a glass tube called a gage glass, 
three quick-opening cocks in 
direct communication with the 
interior of the column cylinder 
at three levels, and a spherical 
enlargement beneath the column 
which is intended to provide a 
place for sediment collection. 
Exterior connections to both the 
column proper and the gage glass, 
containing valves to permit blow- 
ing down, are also essential. 

In certain types of boilers 
it is more convenient to attach 
the gage cocks find the gage 
glasses direct to the boiler sheets 
without the use of an independ- 
ent column. The principle of 
operation and use of the sepa- 
rated attachments is, of course, 
the same as though the column 
were used. The advantage of 
the column is that it reduces the 
number of openings in the boiler Fi«. 
proper, and by its use a number 
of other attachments are made possible. The latter remark refers to 
iagii and low water alarms, feed-water regulator attachments, etc. 

Alarm Systems. When a water column carries an alarm 
system, the usual method is to provide floats in the cylindrical por- 
tion of the column which, upon being displaced from their normal 
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positions, open needle valves leading to whistles. The nor- 
mal positions of the floats cover a range of water height withk 
which the boiler can be safely operated; when the water is either 
above or below this height, one or the other float opens its valve 
and a shrill whistle calls the attention of the water tender. There 
is a difference of opinion as to whether or not shut-off valves should 
be located in the pipe lines joining the water column with the boilers 

above and below the column. Such 
valves are of service when it is desired 
to replace a broken gage glass — should 
better means be lacking — or to perform 
some other kind of a repair while the 
boiler is under pressure. Municipal and 
state regulations are gradually recogniz- 
ing that it is better to object to the use 
of such valves, as there is danger of their- 
being closed when not so intended and 
thereby greatly increase the hazard. In 
any case, if these valves are used, facili- 
ties should be provided for locking them 
open. The pipe work in making water- 
column connections should be such as 
to permit access throughout without diflB- 
culty; this is accomplished by the use of 
straight pipe connected up with crosses 
and tees. 

Qage Glasses. In order that the fire- 
man may know the water level without 
trying the cocks, a water-gage glass is 
used. It consists of a strong glass tube 
about one foot in length, having the ends 
connected to the boiler or column by suitable fittings. 

As both ends of the tube are in communication with the boiler, 
the water level in the glass will be the same as in the boiler, and is 
always in sight when properly connected. Fig. 17 shows a good form 
of gage glass. The glass is protected by rods which are parallel to it. 
As the glass often needs cleaning, repacking, or renewing, cocks are pro- 
vided for shutting off communic£^(tion with the boiler. A drain cock 




Fig. 17. A Good Type of Water 
Gage Glass 



BOILER ACCESSORIES 



13 



is also placed at the lower end to empty the glass when the attendant 

wishes to ascertain whether or not the glass is working properly. 

The drain cock is often pro- , 

vided with a drain pipe. The fHftL 

steam find water passages 

should be at least one-half 

inch internal diameter. 





pTecaiiiions in Case Gage Glass Breaks. 
The glass is likely to break because of 
accident or of changes in temperature. 
To prevent serious injury to the fireman 
and loss of water as a result of the break- 
ing of the gage glass, automatic valves 
may be placed in the passages. In Fig. 
18 a ball valve is shown in detail. If 
the glass breaks, the pressure of the steam 
drives the ball outward, filling the conical 
passage. When a new glass is put in, 
the balls are forced back by slowly screw- 
ing in the stems. This, like other safety 
devices, is very likely not to work when 
it should. 

In boilers where the steam space is 
small, as in locomotives, the allowable 

FJ..19. Kliuger Patent Gsge Glun ■ .■ t . i i ■ i- v^ i_ . ^l 

variation of water level is slight; but the 
greater care with which the glass is watched makes up for the small 
margin of safety. If dirty water is used, or if the water foams, 
the level in the glass will be unsteady and unreliable, since dirt clogs 
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the passages unless they are large, and the foaming causes a fluctua- 
tion of the water level. A small pipe connecting with the steam 
space where no ebullition occurs will insure a steadier water level. 

The chief objection to 
the gage glass — ^namely, its 
breaking — may be over- 
come to some extent by 
attaching it to a gage col- 
umn, which is usually made 
of brass and stands quite 
clear of the boiler itself. In 
such an arrangement as this, 
the temperature in the gage 
glass cannot vary as widely 
as if it were attached direct- 
ly to the boiler. The Klinger 
Patent water gage glass is not easily broken, and possesses many 
advantages over the common glass. Fig. 19 illustrates this device. 




Fig. 20. Ordinary Form of Try Cock for Determin- 
ing Water Level in Boiler 




Fig. 21. Try Cock Operated by Means of Lever 

Blowing Out Qage Glass. The water gage is not absolutely 
reliable, for the water in the gage, being cooler than that in the 
boiler, may not indicate the true level, and the small passages lead- 
ing to it may become choked with sediment. If the gage glass is 
frequently blown out by the engineer and kept clean, this diflSculty 
will be reduced. 

Try Cocks. Try cocks are of widely different forms, and may 
be either like the general type shown in Fig. 20, which is the ordi- 
nary locomotive form, constructed in two parts so that they can be 
separated for the purpo? dng without detachment from 
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the boiler; or they may be of the lever type shown in Fig. 21. There 
are usually three cocks — one at the highest desired water level, one 
at the lowest, and one midway. More cocks may, of course, be used 
if desired. The water level can be determined by opening the cocks 
in succession and observing whether dry steam or hot water blows 
out. In some types of boilers the try cocks must be placed on the 
boiler sheets direct; in other types their use is prevented unless they 
are attached to a water column. Water-tube boilers enclosed in 
brickwork, and fire-tube boilers similarly set, would impose making 
the direct connections quite long, in which cases the try cocks 
are always attached to water columns. 

VALVES 

Characteristics and Uses of Cocks and Valves. Of all boiler 
accessories, perhaps the most important are the cocks and valves, 
by means of which the flow of steam or water may be shut off com- 
pletely or only partly so. The valve operates by moving a disk 
across the pipe in a transverse direction, or by bringing a cap tight 
upon the seat in a fore-and-aft direction. A cock consists of a 
block inserted in the passageway, with an opening cut through in 
one direction. When the handle of the cock is in line with the pipe, 
the opening allows the steam to pass through; but if turned cross- 
wise, the opening is closed. 

Classification. Valves are of two kinds — those which are manu- 
ally operated and those which are automatic. All control valves 
are manually operated, while those which are used for safety are 
automatic. Automatic valves may release when the pressure 
becomes excessive, like safety valves, or they may prevent the 
pressure becoming excessive by closing against steam coming from 
an external source, like automatic stop and check valves. Reducing 
valves are really one type of automatic stop and check valves, 
though their construction to meet the requirements of their par- 
ticular service is usually somewhat different. 

Application. The application of valves depends upon the 
severity of the service and, to a large extent, upon the opinion of 
the designing engineer as to the equipment as a whole. In general, 
the practice is growing into favor of using valves to permit the tem- 
porary removal from service of a part of the general equipment for 
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the purpose of repairs and of employing by-passes around portioi 
of the equipment and double service lines or loops of tlie same line 



MANUALLY OPERATED TYPES 
Globe Valve. Cfimtruction. Tlie valve whown 
in Fig. 22 gets its name from the globular shape 
of the casing which encloses the valve. Extend- 
ing across this whole casing is a substantial dia-j 
phragm, the central portion of which is in a plane 
parallel with the length of the pipe. The opening 
is cut in this portion (horizontal in the figure) 
through which steam or other fluid may pass- 
when the valve is opened. When the valve i 
closed, a cap is forced down to close its opening,; 
The rim around the opening is known as the 
Valve valve seat. The valve cap is operated by j 

CottrtMBo/ CrontComjHF.i/ _ ^ i- i- u 

spindle, which passes through the bonnet of 
the valve, and is mounted at the upper end by a small wheel or 
handle. To prevent the escape of steam around this spindle, 

stuffing box is provided. The valve cap 
may or may not rotate as the spindle turns; 
usually it does not. 

Replacements. The valve shown in Fig. 
22 is a standard globe valve known to the 
trade as the Crane Navy val\-e. It is . 
good valve of the type and is tested up to 250 
pomids hydraulic pressure per square inch. 
If the disk or seat becomes scored, the valve 
may easily be reground. 

A valve shown in Fig. 23 has adetachable 
valve cap. Instead of relying for tightness: 
upon the valve and seat coming together, 
metal to metal, a removable disk is pro- 
vided, which, being softer than the metal 
valve seat, easily takes up the wear, and 
the valve not only can be closed tighter 
but, if anything happens to impair the tightness of the valve, the 
L copper disk can be replaced by another at a trifling expense. In 
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cheaper valves, when the cap is scored, the valve is worthies 
The valve seat sometimes has a slight bevel, as in Fig. 22, the valve 
cap being shaped like the frustrum of a cone. 

It is impossible to close a valve tightly if 
the slightest particle of scale or grit gets between 
the disk and the seat. If this happens, the valve 
seat is likely to become scored, and so does not 
hold tight; but it may be reground and, if the 
valve disk itself is damaged, can readily be 
replaced. 

Angle Valve. An angle valve, shown in 
Fig. 24, is similar in construction to the ordi- 
nary globe valve, and is sometimes used in 
place of the straightway valve and an elbow. 
Both these styles of valve should be so placed 
m the steam pipe that the entermg steam comes caane,!, o/ cmne com- 
beneath the valve seat. If this is done, the '""" 

valve stem may be easily repacked simply by dosing the valve. If 
the steam enters in the opposite direction, a leaky valve stem cannot 
be packed, as loosening the stuffing box 
would permit the escape of the steam. There 
are, however, exceptions to this rule. 

Gate Valve. The gate or straightway 
valve gives a straight passage through the 
pipe, and, when open, offers very little 
resistance to flow. The globe valve, of 
course, ofTers much resistance, because the 
fluid has to change its direction of flow 
completely. 

There are two forms of gate valve — 
one with wedge-shaped sides, and the other 
having the valve sides parallel. Fig. 25 
shows a Crane valve with wedge-shaped 
sides. A collar holds the valve spindle at 
a fixed point, and to open or close, the ^y""' ^^^^<'°-^''°« S'*™ 
valve is drawn up or lowered by turning the 
spindle. When the gate reaches the bottom of the pipe, a wedge 




on the lower end of the spindle causes the sides to n 
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'■with sufficient force to bring a strong pressure against tlie \'alve 
seat. For heavy worlc these valves are made with a rising spindle 
instead of a stationary one. This possesses the distinct advantage 
of indicating at a glance whether they are opened or closed, while 
one cannot tell by looking at the ordinary gate valve whether it is 
open or not. 

Check Valve. ^\Tien it is necessary that the flow should always 
take place in the same direction, as in the feed pipe of a boiler, check 
valves are used. There are several forms shown in Fig. 26, one t^ 
which is of a pattern similar to a globe valve. This check valve' 
is of a ball or flat type, the seat being parallel to the direction of 
flow. The valve is held in place by its own weight, and by the 
pressure of the fluid in case of a reverse flow. In the swinging 




^l^eck valve, the seat is at an angle of about 45 degrees to the direc-; 
'tion of flow. It is fitted somewhat loosely where it is fastened ti> 
the swinging arm, so that it may properly seat itself. This form 13 
usually preferred, as it offers less resistance to flow, and there i»i 
less chance for impurities to lodge on the valve seat. When a check 
vaK'e is used tn the boiler feed pipe, there should be a stop valve- 
between it and the boiler which can be shut in ease the check valve 
should get out of order. 

Materials Used in Construction. For pressures under 200 
pounds per square inch, cast iron may be used for the body of the 
vaJve; but, for economy, it should be used only when the pressure 
is over 130 pounds. For heavy work it is frequently necessary to 
have a massive valve that cannot be broken easily. In such a case 
a cast-iron body is the most suitable thing. The valve seat, valves, 
spindles, stuffing box, glands, and nuts are usually made of gun 
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metal or brass. For very high pressures, especially on steam mains, 
cast steel is generally used, with gun metal fittings similar to those 
enumerated for the east-iron valves. 

AUTOMATICALLY OPERATED VALVES 
Safe^ Valves. Safety valves are used for relieving the boiler 
when the pressure exceeds a certain limit, and to give warning of 
high pressure. There are several different types, but the essential 
feature is a valve opening upward, held on its seat by a weight or 
spring. When the pressure ii^the boiler exerts a force greater than 
that holding down the valve, the valve will open automatically. 

Lever Safety Valve. The lever safety valve shown in Fig. 27 is 
a common type for stationary work, especially for small boilers. 
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The valve is held in place by a weight at the end of a lever. The 
force required to lift the valve is governed by the location of the 
weight on the lever arm. The body of the valve is usually made of 
cast iron, the seat being of brass. An opening on the side of the 
valve may be connected with the feed-water heater or drain, if the 
escape of steam into the air is undesirable. If the valve becomes 
leaky, it should be reground; but no attempt should be made to 
make it tight by increasing or moving the weight on the lever. 

The amount of necessary weight on the lever, and its distance 
from the fulcrum, can he determined in the usual manner of com- 
puting leverage forces and moments, remembering that weight 
times weight arm is equal to power times power arm. In such a 
valve as this, power is the steam pressure, and the power arm is the 
distance of the center of the valve from the fulcrum. There are four 
weights acting downward — the ball, the lever arm, the valve, and 
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the spindle — and in the process of computation the weight and 
leverage of each must be taken into account. 

Suppose, for example, that we have a lever safety valve such as 
is illustrated in outline in Fig. 28, and that we know the foUowuig 
conditions: the ball weighs 125 lbs., and is suspended at the end of 
the lever 48 inches from the fulcrum; the valve and valve spindle 
together weigh 18 lbs., and are 4 J inches from the fulcrum; the lever 
arm itself weighs 50 lbs. If the valve seat is 5 inches in diameter, 
at what pressure will the valve blow off, ignoring the friction of the 
stuffing box and fulcrum pivot? 

The center of gravity of the lever arm must be determined from 

the drawing, Fig. 28, and this is found to be 20 inches from the 

fulcrum. The leverage of the weights acting downward is then as 

follows: 

Ball 125X48 =C;()00 

Lever 50X20 =1,000 

Valve and Stem 18 X 4| = 81 

Total moment = 7,081 inch-pounds 

Now, if the valve-seat diameter is 5 inches, the area of the valve 

will be 

irl)^ 3.1416X25 ,^.., 

— -- = = 19.03 sq. in. 

4 4 

The total moment to be overcome is 7,081 inch-pounds, and its 
distance from the fulcrum is 4J inches. Therefore, the necessary 




Fig. 28. Diagram for Safety- Valve Calculations 



upward pressure on the valve will be 



7,081 



or 1,573.5 pounds. If 



the area of the valve is 19.63 square inches, then the necessary pres- 

1 573 5 
sure in pounds per square inch would be ' ' or 80 pounds, 

19.63 
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approximately. That is, this safety valve would blow off when the 
boiler pressure reached 80 pounds per square inch. 

If it is desired to design a valve which will blow off at known 
pressure, the same principles will apply, but the computations will 
be figured in the reverse order. The area of the valve, times the 
boiler pressure, would give the total lifting force; and this, multi- 
plied by its leverage, would gi\'e the lifting moment, which would 
be resisted by the downward 
moment of the combined 
weights of valve, valve stem, 
lever, and ball. If the mo- 
ments of the lever, valve, and 
valve stem were known, the 
remainiler, of course, would be 
made up by the ball. If the 
length of the lever arm were 
known, then the weight of the 
ball would be varied to cor- 
respond; and, conversely, if 
the weight of the ball were 
fixed, the length of the lever 
must be made to correspond. 

The lever safety valve has 
several defects. It dors not 
close promptly when the pres- 
sure is reduced; and it is likely 
to leak after it is closed, and 
may be readily overloaded, or 
even wedged on its seat. It 
is essential that a safety valve ^~i«- '^- cnishy Pop ;*.f«y vojvu for sta- 
sh ould be automatic, certain 

in its action, and prompt in opening and closing at the required 
pressures. It must be one which can be relied upon under all circum- 
stances and not easily tampered with. 

Pop Safety Valve. The pop safety valve fulfills the above 
requirements better than those of the lever type. Pop valves open 
when the steam pressure is sufficient to overcome the tension of the 
spring. Fig. 29 shows a Crosby pop safety valve for stationary 
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i-service. The valve is connected by a flange to the central 
spindle and is held down on its seat by the pressure of the centra] 
spring. The valve Is provided with wing guides and an annular lip. 
t The guides fit smoothly into the seating upon which the valve 
[ rests. The seats of the valve have an angle of 45 degrees. The 
I under face of the lip, together with the seating, forms a small 
I chamber through which all the wteam must pass in order to reach 
f the open air. 

The valve shown in Fig. 30 for stationary boilers is made by the 
I Ashton Valve Company, The general principles are those of all pop, 
safety valves. The valve seat iS' 
made of composition or nickel, and 
with a bevel of 45 degrees, as 13 the 
United States Government stand-' 
ard. The pop chamber is sur- 
rounde<l by a knife-etlge lip, which 
wears down in proportion with the 
scat, thus keeping the outlet of thfti 
same relative proportions and giving; 
a constant amount of pop. 

The amount of pop — that is, the 
difference of pressure between the 
opening and the closing of the valve 
— irt regulated from the outside by 
means of the screw-plug pop regu- 
lator shown in section and plan a^ 
the lower right hand of Fig. 30, If 
more pop is desired, turn the regu- 
lator so that S will be more nearly 
perpendicular. To lessen pop, make more nearly perpendicular, 
The springs are made of Jessop's best steel and are held by pivotedi 
disks at the top and bottom to insure a true bearing on the valve. 

The inlet and outlet are both on the same casting, so that the 
valve may be taken apart to be cleaned or repaired without disturb- 
ing the boiler connection. It has a lock-up attachment, so that the 
regulating parts cannot be tampered with, either by accident or by 
design. The spring is encased, in order to protect it from the 
steam. 
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The Crane Marine pop safety valve is shown in Fig. 31. Itha3 
"a bevel seat, and is provided with a cam lever, hy whieh it may be 
raised from its seat one-eighth of the vah'e 
opening. The lever can be thrown over far 
enough to lock the valve open when there is 
no steam pressure. The outlet of the valve, 
if desireri, may be piped to the supply tank 
or to any other point. 

Loeomothe Safety Valw/t. Safety valves 
for locomotive boilers must be made of heavy 
material to stand the severe usage. They 
should be so constructed that they will not 
eock or tilt. The Ashton valve shown in Fig. 
32 is constructed so that the amount of pop 
can be regulated by merely turning the two 
posts marked 3 and S to the right or left. 
The noise of the steam escaping from the 
ordinary safety valve is disagreeable, 
and in some States the law requires 
the use of the muffler safety valve. 
The Ashton valve shown in Fig, 32 
has a top muffler. 

Safety valves should be connected 
directly to the boiler without any pipe 
or elbow. They should be tried every 
day by means of the lever. It as best 
not to locate safety valves on the 
steam outlet main leading from the 
boiler. 

Blow-Off Cocks. It is customary 
and good practice to locate between 
the boiler and the blow-off valve a 
cock known as the blow-off cock, 
which answers the purpose of carry- 
ing the boiler pressure and receiving ^^ 3 
the worst service of scale and muddy 
sediment at times when the boiler under pressure is being 
blown down. Simplicity of construction and tightness are the 
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main requirements sought. Fig. 33 illustrates the Homeatea 
blow-off cock. 

This valve is so constructed that when it is closed it is at the 
same time forced firmly to its seat. This result is secured by means 
of the tra\'eiing cam A, through which the stem passes. The cam 
is prevented from turning with the stem by means of the lugs B. 
which move vertically in slots. Supposing the valve to be opoii 
the cam will be in the lower part of the chamber in which it is placed 
and the plug will be free to be easily moved. A quarter of a titfl 
in the direction for closing it causes the cam to rise and take a beariq 
on the iipf)er surface of the chamber, and the only effect of furthei 
efTort to turn the stem in that directiwli 
is to force the plug more firmly to itS! 
seat. A slight motion in the other direc- 
tion Immediately releases the cam, and': 
the plug turns easily, being arrested af 
its proper open position by contact of' 
the fingers of the cam at the other end> 
of its travel. E and D are balancing 
ports. 1 

Blow-Off Valves. The severity of th| 
service mentioned in a preceding para>i 
graph which all blow-off valves have to 
withstand, owing to the cutting actitHi*: 
of scale and other gritty sediment, ha9 
caused designing engineers to pay pai^ 
ticular attention to these valves. Many forms have be^ 
devised which, while they are bound to have the essential fej 
tures of globe, angle, straightway, or Y valves, are so construct 
that the danger of scoring the valve disks or seats is materiaU 
reduced. 

Fig. 34 illustrates a straightway blow-off valve known as tla 
Everlasting. It consists of a top and bottom bonnet, a disk, an^ 
a lever and post. To open, the disk is simply drawn away from its 
seat to one side by moving the lever arm. The Faber blow-ofi 
valve is shown in Fig. 35. One feature of this valve is a separate 
half-inch pipe line connect*^ — "^h the boiler above the mud druni 
or to the steam main joir ^ve at C. It will be seen that 
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the seat uf the \-.alve is still in rommunicatinn with steam or water 
at boiler pressure even after the valvp disk Is about to close on its 
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seat; this stenm, as it hlowa over tlie valve seat and (Hsk, is intended 
tot'leaiiae both. This half-inch line, while it containaa valve, should 
always ]ie open during normal uperation. 

Automatic Stop and Check Valves. 
Where several boilers in service are at- 
tached to the same steam main, there is the 
possibility that a failure on the part of one 
of the boilers will relieve the steam pres- 
sure in the steam main \'ery quickly 
unless provision is made automatically to 
cut the boiler affecteil out of service from 
the remainder of the iKtilers. To meet 
this service, a type of valve has been 
developed known as the automatic stop 
and check valve. It is located imme- 
diately adjacent to the boiler as close to 
the steam space as possible, with no valves 
intervening, separate and distinct from the 
control valve of the boiler, which is located 
adjacent to it or as close as may be. 

It will be readily understood that, should a boiler fail so as to 
let its steam and water out quickly, and should this boiler be equipped 
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with a valve of the kind mentioned, the remainder of the boilers 
could go on with their work without disturbance, while, without 
such provision, the steam coming from the unaffected boilers would 
flow to the affected one and pass through its rupture. Many munid- , 
palities and States require the use 
__^dfc__ of automatic stop and check valves 

when more than one boiler is at- : 
tached to one main, and the prao 
^_ ^m tice is gradually becoming umversaL. 

^^h J^Bb '^'^^ valve shown in Fig. 36 is one' 

^^L ^^^H of a great many intended for use 

^^^^^^^H ^^^^r n such places as mentioned, and Is 

^^^^^^^H ^^^H made by the Golden-Anderson Valve 

^^^^^^^F A^^^HB .'specialty Company. An inspectioa 

^ l^^^BE "^ ^^^ illustration shows that, while! 

^^^ I^^^IV ^''^ ^^^"^ '^'^ ^^ tnrned down to 

^^H ^J^ff^^^^^ close the valve should it be oprau, 

^^M ,QL/^S^|hI^3^^^^E1 '^ cannot raise the valve disk fro&t 
^^B laK— i^^B^l^^S^^^^H '^^ ^^^^ should it be closed, thei^ 
^^ UUH^Bhl J^^^^^^^l being no fastening between the stenv 
and the disk. The requirement 
that a valve of this character musC 
be unerring in its ser\'it'e demandtf 
ihe best material and workman-* 
>hip. 
- II ^-i^^H^^^^H^ Reducing Valve3. Sometimes 

I \ ^^^^^K^K^^^K steam is desired at a lower pressure' 

II ^^^^^^^^^^^^F than tliat of the boiler. For iiv 
■kI ^^^^^^^^^r stance, a small low-pressure engtn^ 

■ ^^^^^^ may be run by steam taken from the, 

same boiler that supplies a higher- 
pressure engine. This reductioQ ^ 
accomplished by throttling the steam by means of reducing valves 
These are arranged to be operated automatically, so that the pressurt 
can be reduced and a constant pressure in the steam pipes maim 
tained. There are se\'eral forms in general use. 

In the Holt valve, Fig. 37, the low-pressure steam acts on the 
lower aide of the diaphragm; and the weight, which may be set so a^ 
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to cause the desired pressure, acts on the other. The movement of 
this diaphragm causes a balanced valve to move to or from its seat. 
The valve opens until the steam pressure equals the weight above. 
The pressure in the main steam pipe does not affect the movement 
of the valve. It depends only upon the pressure on the two sides 
of the diaphragm. 

In the Mason valve, Fig. 38, a spring, which may have its ten- 
sion altered by a key, takes the olace of the lev^r and weight in the 
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Holt valve. When the pressure in the low-pressure system has 
risen to the required point, which is determined by the spring, the 
valve closes, and no more steam is admitted until the pressure falls 
sufficiently to open the valve again. 

In another form of valve, a piston acted on by the low-pressure 
steam regulates the opening of a balanced valve, and this maintains 
a constant steam pressure. 

In the Foster reducing valve, the valve is held open by the 
spring and levers, until the steam pressure at exit presses on the 
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diaphragm suflnciently to close the valve. The valve is held open 
so aa to admit just the proper amount of steam to maJntMn the 

required pressure. 

When a reducing valve is 

used, a stop valve should be put 

in to prevent flow when steam b 

not in use. 

STEAM PIPING 

The subject of steam piping 
in its entirety is one far beyond 
the scope of this treatment of 
boiler accessories, but it is essen- 
tial that it be brought up to 
the extent of emphasizing its 
\— importance, especially as con- ■ 
cerns the steam connections from 
the boilers to the main steam 
header. 

Precautions. Provide for 
Drainage. The first requirement 
is that all piping must be so 
arranged that the condensation 
can be drained. A failure to 
provide drains may be respon- 
sible for the rupture of engines and any other apparatus located 
in line with the engine. For the same reason, it is customary to 
locate control valves in the high parts of steam pipes connecting 
boilers and steam mains so that the condensation may flow freely 
in either direction. 

Flexible Connections. As a second requirement, ample provision 
should be made for flexible steam pipe connections to the main 
header. This is accomplished by the use of long sweep bends. It is 
especidly important that attention be paid to the flexibility of the 
blow-off connections, as the distance between the blow-off openings 
and the blow-off main is usually short. If the connections are 
rigid, a stress is thrown upon the flange connecting the blow-off 
pipe to the boiler, resulting in a leaky joint. It is well to remembcf 
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that the blow-off main is subjected to wide ranges of temperature 
which cause a corresponding deformation in length, which is dis- 
tributed among the various branches and attachments. 

Proper Strength of Pipe and Allowance for Expansion, Pipes 
must not only be of sufficient size and strength, but should be so 
installed as to make ample provision for expansion due to the high 
temperature when they are filled with steam. The supports for 
long pipe lines should be arranged somewhat as shown in Fig. 39, 
which allows the pipe a considerable amount of lateral motion. 

Expansion Joint in Long Pipes. If the pipe line is long, an 
expansion joint must be provided. Sometimes a curved U-bend 
may be inserted in the pipe line, which of itself will have flexibility 
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Fig. 39. Side and Transverse Sectional Views Showing 
Methods of Arranging Supports for Long Pipe Lines 

enough to provide for reasonable expansion. Or, if the steam main 
is not all in one line, a similar bend may be provided, with elbows 
and nipples. Fig. 40. In this case, any expansion of the steam 
main will cause the nipples to turn slightly in the elbows. This 
motion, of course, is slight, but it is sufficient to prevent rupture. 
For large pipes a slip joint, made tight by a stuffing gland, is usually 
provided. If this is done, great care must be taken that the 
steam main is straight and in perfect alignment, as the pipe may 
otherwise bind in the expansion joint and cause much damage from 
leakage. 

Straight and Sloping Runs to Avoid Condensation. In marine 
work^ especial care must be taken that the pipe lines are not so 
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rigidly connected together that they will be injured by the working 
of the ship. This can be readily provided for by laying the pipe 
in such a way as to provide a simple form of swivel joint. 

The pipe lines should be as straight as possible, to prevent 
unnecessary friction of the steam and unnecessary condensation; 
and they should, if possible, be so installed as to leave no pockets 
wherein condensation may collect. If such a pocket is unavoid- 
able, a drain must be provided, leading from the pocket to the steam 
trap, whence the condensation may be discharged into the hot well 
or filter box, because the collection of water in steam pipes is a 
source of inconvenience and danger. 
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Fig. 40. Method of Fonnina Swivrl Joint in Steam 

Piping to Cuuninrtiot lOnoctH of Kxpan^ion 

ftnd CoutfAction 



The pipe lines should be installed with sufficient slope, so that 
the condensation will readily drain to a convenient point, whence it 
may be drawn off. This slope sliould be in the dinvtion of the flow 
of the steam, as tlie water will not readily flow otherwise. Great 
care should be taken that the pipe lines nowhere sap, as such a 
depression will collect condensation. This may cause very little dis- 
turbance unlcvss the pressurt^ of tl i^ Muddenly raised, in which 
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Materials for Piping. Formerly, when low pressures were 
used, cast iroti was a crimmoH material for a main steam pipe leading 
from the boiler to the engine, hut the higher pressures of today 
require the best wrought Iron or steel. In marine work, copper is 
commonly used; but with the advent of higher and higlier pressures, 
copper fails to give the requisite strength, and it has to be reinforced 
with wire or iron bands. According to the British Board of Trade 
Rules copper pipes 15 inches in diameter may be used at pressures 
not over 150 pounds; but at 200 pounds, copper pii)es over 10 inches 
in diameter are not allownl as there is always danger that the 
large copper pipe will burst. For large sizes, riveted iron or steel 
pipe may be used. For high pressures, cast-steel fittings are 
required by the U. S. Steamboat Inspection rules. It is now the 
common practice to use steel for such purposes. 

Pipe Connections. Gasketed JoinLi. Large steam pipe is made 
in sections which can be riveted together. The small sixes are fitted 
with the ordinary type of flange, and the sections may be bolted 
together, a suitable gasket being used between the two flanges to 
make a steam-tight joint. The flanges are machined perfectly 
smooth, and the pat-king may consist of rubljer and SIkt reinforced 
with wire insertion; of asbestos; or of corrugated copper. 

Flanges avd Vnums. As the pressures used have become 
higher it has been necessary to eonstriict tighter and stronger con- 
nections in both steam and water 
mains attached to boilers. This 
is especially true since the use 
of superheated steam has become 
general. Only a few of the meth- 
ods in use can be brought up 
here. Fig. 41 shows the Edward 
flange, which is intended to avoid 
the use of gaskets between the 
two adjacent nanges. loaccom- 

plish this, the annular V-shaped projection shown In the upper 
flange is inserted into the companion groove of the lower, both 
being drawn together by bolts. The narrow slot in the edge of 
the upper V serves to insure a tighter joint. An application of the 
same principle in the making of a box union is shown in Fig. 42. 
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Pipe Sizes. Tlie true Inside 
diameter of steam, gas, or water J 
pipe is not always the same its I 
tlie size by which the pipe is J 
designated. For instance, what J 
is called "3-iiich" pipe has aa I 
actual inside diameter of 3.067 J 
inches, and 3.5 inches outside J 
diameter. The aetual sizes of 1 
pipe, inside and outside, are to>I 
be found in any handbook oeJ 
steamfittcr's catalogue. 



WATER END AUXILIARIES 



FEED WATER REQUIREMENTS 

Adequate Provisions Important. Perhaps the most important 
of all auxiliaries connected with a boiler ts its feed apparatus. This 
3 vital; for, if the feed is interrupted and the water runs low in the 
boiler, not only is there danger of damaging the boiler itself, but a 
disaster may follow of far greater concern. For marine purposes— 
and the same is true to a considerable extent in stationary work— 
at least two, independent feed s,vstema should be provided. In 
marine work, the main feed pump draws water from the filter bos 
or feed-water heater, and pumps it into the boilers under ordinary 
conditions. There should be a by-pass around this pump, and thff 
feed line should be connected by means of a valve to what is known 
as the "donkey" pump, which may be used for auxiliary feed pui> 
poses in case the main pump is damaged or jn need of repairs. 

Both of these pumps draw from and discharge into the same feed 
line; but, to provide against emergencies, there is usually a < 
connection to the sea, so that sea water may he had if necessary, 
While in port, when the main engines are not running, and c 
quently when the feed water cannot be heated economically, aa 
injector is almost invariably used. On land it is usually considered 
sufBcient to install an injector in addition to the feed pump, although , 
'n large plants an auxiliary feed pump should be installed as well. In 
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a small plant the fireman usually attends to the water; but on board 
ship and in large plants, a water tender is usually provided, whose 
business it is to keep the water in the boiler at the proper level. His 
task may be materially lessened by some automatic arrangement, so 
that if the water discharged into the hot well from the condenser rises 
above the Hormal level, a float will open the valve leading to the feed 
pump and increase the rapidity of its stroke. This will reduce the 
level of the hot well or filter box, as the case may be. 

Such an arrangement as this will keep a fairly uniform level of 
water in the boilers; and if a surface condenser is employed, and all 
the condensation is pumped back into the boilers, the water level will 
remain constant except for slight leakages of steam, and for the 
possibility of improper action of the feed pump. Leakage of steam 
can be made up from the supply of fresh water. At sea, salt water 
may have to be used for this purpose, although its use is very 
objectionable. 

Location of Feed-Water Connection. There is considerable 
difference of opinion as to where the feed water should be introduced 
into the boiler, although the consensus of opinion seems to be that it 
should enter not far from the water line. In stationary practice, 
where the marine type of boiler is used, the feed water is introduced 
at the rear of the boiler near the bottom; but this is open to grave 
objections, for the feed water, being comparatively cool, and being 
introduced into the coldest part of the boiler, naturally tends to 
become dead water and to retard proper circulation, which is essen- 
tial to economical steaming and often essential to the safety of the 
boiler itself. 

Location Depends Upon Type of Boiler. The best place for 
introducing the feed water will naturally depend upon the type of 
boiler, and the service for which it is intended. If the entering 
water is of high temperature, it might enter near the bottom of the 
boiler. But if the feed water is comparatively cold — and it is 
always colder than the water in the boiler and the surrounding 
steam if the circulation is good — great care must be taken that it 
does not strike directly against the hot boiler plates, as it might 
thereby cause local contraction and possibly a serious leak, and it 
should be introduced in such a way as to make sure of its aiding the 
natural circulation of the boiler. 
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Practice in High-Pressure Work. The higher the steam pres- 
sure in the boiler, the more difficult becomes the problem of feed, 
and the more danger there is of injury to the boiler by the compara- 
tively cold feed water striking hot plates. It is a universal practice 
in marine work, and a common practice on land, especially for 
internally-fired boilers, to cause the feed to enter above the water 
level near the center of the boiler; then branching off into two pipes, 
one leading to each side through the steam space until the side of 
the boiler is reached; and then running downward toward the bot- 
tom. The feed water, which very likely has been previously heated 
by a feed-water heater, is still further heated by its passage through 
this feed pipe, which is in direct contact with the live steam of the 
boiler. This internal feed pipe, turning down at the sides, causes 
the water to strike the outer. shell of the boiler, which is the most 
remote from the fire, and this downward motion materially assists 
the circulation in the boiler. When this arrangement of feed is 
adopted. Fig. 43, care must be taken that the lower end of the feed 
pipe is well below the low-water level. If the enji of the pipe is 
alternately immersed in water and then exposed to steam, vio- 
lent explosions in the pipe are likely to follow, although nothing 
more serious may result than breaking an elbow or frightening the 
attendants. 

Practice in Stationary Work. In stationary practice, it is quite 
common to admit the feed water into the steam space through a 
horizontal pipe which enters this space through the tube plate a few 
inches below the low-water level and terminates in a perforated pipe of 
large diameter. This method distributes the feed water admirably, 
and allows it to become considerably heated before it reaches the 
bottom of the boiler. If the feed water contains a considerable 
amount of magnesia or calcium carbonate, holes so arranged in the 
feed pipe are likely to become clogged and the feed consequently 
interrupted. Water of this sort should be fed into a trough, or the 
feed pipe be opened at the top by a long slot, so that the feed water 
may overflow. The trough, in this case, forms an admirable mud 
drum or sediment collector. 

Practice with Internally-Fired Boilers. In internally-fired boil- 
ers of the Cornish or Lancashire types, the feed is usually delivered 
ar the bottom througn a horizontal pipe — either through the 
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front end or by a vertical pipe through the crown. This method is 
not conducive to the best circulation. 

In addition to these effects on circulation, there are other grave 
objections tp introducing feed water near the bottom of the boiler; 
for, should anything happen to the feed pump, or a piece of scale 
lodge under the check valve, the water might be almost entirely 
blown out of the boiler before the diflBculty could be discovered or 
remedied. If the pipe enters in fne vicinity of the low-water level, 
no water could be drawn out below this point. 

Use of Spray. Sometimes the feed water is forced into the 
steam space in the form of a fine spray. In this way it not only is 
thoroughly heated before mingling with the water in the boiler, 
but the air is taken out, and salts, such as sulphate of lime, 
insoluble at high temperatures, are immediately precipitated; but 
the advantage of introducing the feed water in a body, so as to 
produce useful circulating currents, should not be overlooked. 

Constant Level of Water Desirable. Under ordinary circmn- 
stances the feed supply should be regulated so as to keep the water 
level as nearly uniform as possible. This statement requires modi- 
fication to the extent that it is desirable to permit stored water to 
be reduced in height to meet a sudden increase of load until the 
firing conditions can equal or slightly exceed the immediate require- 
ments for steam. The reverse is true when there is a reduction of 
the steam required, in which case it is permissible to allow the water 
to rise above a normal point ready for an increased load. 

Practice with Water-Tube Boilers. The development of the 
water-tube boiler has brought about several modifications in the 
feeding systems internal to the boiler as compared with the large 
shell boilers. The circulation of water within them being more 
positive makes it easier to locate proper outlets, though the scheme 
of forcing the water to remain inside of internal piping until it has 
risen in temperature is preserved. Under no circumstances is the 
water introduced immediately before reaching the most effective 
heating surface. In some instances manufacturers introduce 
enlarged internal pipe structures within the upper drums with the 
intention of precipitating the low temperature precipitates, expect- 
ing to blow these out without allowing them to enter the general 
"circulation of the boiler. 
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Separate Feed Control with Boiler Battery. If several boilers 
are attached together in the form of a battery, each boiler should 
be supplied with an independent connection to the feed pipe, other- 
wise a damage to the feed pipe in one boiler might affect the others. 
Moreover, if several boilers are fed from one pipe, the pressure in 
each of them being slightly different, an excess of water will naturally 
be fed into the boiler having the least pressure, whereas it is usually 
the case that the most water is needed in the boiler having the 
greatest pressure. The foregoing is equivalent to saying that each 
boiler should have its own feed-control valve. Where one boiler 
unit has several drums, one feed-control valve in one line may serve 
all of the drums, but the best practice requires that each drum shall 
have its own branch feed. Each branch feed should also have a 
check valve and a control valve, or a combination of a check and 
control valve. 

Internal Piping. Internal piping should be substantial and so 
constructed that it is either easily taken apart for cleaning or easily 
cleaned while in place. This piping is preferably made of brass, 
and some boiler laws make this a requirement. 

PUMPS 

Reciprocating Pumps. Characteristics. Boilers are usually fed 
by a small, direct-acting steam pump placed near the boiler. Al- 
though these pumps require a large steam supply per horsepower per 
hour, the total amount of steam used is small because the work 
done is small. If a feed-water heater which can use the exhaust from 
the pmnp is used, the disadvantage of uneconomical steam us^ in a 
reciprocating feed pump disappears. A more economical pump is a 
power pump driven by a large steam engine; but in this case the rate 
at which water is supplied is not easily regulated to the demand of 
the boiler. Power pumps are usually arranged to pump a larger 
quantity of water into the boiler than is required, the excess of water 
•being allowed to flow back into the suction pipe through a relief 
valve. 

Method of Action. The Worthington duplex pump shown in 
Fig. 44 is well adapted for feeding boilers. In Fig. 45 is shown a 
section of the same pump. Steam, controlled by valves, drives the 




Fig. 4B. Section of WortldngloQ Duplex Pump 
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piston in the steam cylinder, which moves the plunger in the water 
cylinder, since both are fastened to the same rod. The movement of 
the plunger forces a part of the water in front of it up through the 
valves into the air chamber, and through the pipes into the boiler. On 
account of the partial vacuum caused by the movement of the 
plunger, water will be drawn from the suction pipe, through the 
valves, into the pump cylinder, filling the space left by the move- 
ment of the plunger. During the return stroke, this water is forced 
up into the air chamber, and a like quantity enters the other end 
of the piimp cylinder. The valves are kept on the seats by light 
springs, until the pressure on the bottom side is sufficient to lift 
them and allow water to flow through. 

When two pumps are placed side by side, and have a common 
delivery pipe, the machine is called a duplex pump. It is usual to 
set the steam valves so that when one piston is at the end, the other 
is at the middle of its stroke. A duplex pump having a large air 
chamber and valves set to act in this manner delivers water with 
an approximately constant velocity. 

Injectors. Energy of the Jet Water may be forced into a 
boiler by an injector, or inspirator. By means of this instrument, 
the energy of a jet of steam is used to force the water into the boiler. 
That there is sufficient energy to do this work is evident from the 
fact that each pound of steam, in condensing, gives up about 1,000 
B. t. u., and a B. t. u. is equivalent to 778 foot-pounds. Not all 
the energy of the jet of steam is used in forcing water into the boiler; 
some is wasted, and much is used to heat the feed water. 

Method of Action. The action of the injector is briefly as fol- 
lows: The steam escapes from the boiler with great velocity and, 
as it passes through the cone-shaped passage, draws air along with 
it, thus creating a partial vacuum in the suction pipe. Atmos- 
pheric pressure forces water up into the suction pipe, and the jet of 
steam which it meets is partly condensed. The energy of the jet 
carries the water along with it into the boiler. 

Experiments show that the injector, if considered as a pump, 
has a very low efficiency. When used for feeding a boiler, it has a 
thermal efficiency of nearly 100 per cent, since all the heat of the 
steam passes to the water except the slight amount lost in radiation. 
The pump, however, has one great advantage over the injector. It 
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rorce hot water from a heater into the boiler, while an injectwl 
can be used only with cold or moderately warm water. 

Fig. 46 shows the exterior and the interior section of a Hancock j 
inspirator. To inject water into the boiler, first open overflow 1 
valves 1 and S; close valve 2; and open starting valve in the steam | 
pipe. When the water appears at the overflow, open 3 one quarter- \ 
turn, close 1, and then close S. The inspirator will then be in opera- I 
tion. When the inspirator is not working, open both 1 aud 3 to 
allow water to drain from it. 




Both the temperature and the quantity of delivery water cawl 
be varied by increasing or decreasing the water supply. When t 
water in the suction pipe is hot, cither cool off both pipe and injecto 
with cold water, or pump out the hot water by opening and clos 
the starting valve suddenly. 

Centrifugal Pumps. Within recent years a method of fet 
"boilers by means of centrifugal pumps has come into favor. As t 
name implies, the action of the pump depends upon the centrifugdlfl 
force obtained in the rapid revolution of a system of vanes attachedfl 
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L shaft overcoming the pressure exerted in the discharge line. 
The accompanying illustiation. Fig, 47, shows a section of a centrifu- 
gal pump without the driving motor or engine. The water intake 
is shown at the lower left-hand part of the cut; the re^'olving shaft 
is here shown carrying three vane systems or impellors placed alter- 
nately in series with stationary parts. Each pair, made up of a revolv- 
ing disk and a stationary disk, is called a stage. \Vhen the shaft 
revolves, the water carried around the shaft by the first disk is thrown 
by centrifugal force away from the shaft and is guided into the next 
stage by the stationary disk. The next revolving disk receives the 
feed water at a pressure higher than that of the water at the source, 
and in turn impels it to the tliird stage at a still higher pressure. 




The third stage performs the same service, and, when leaving the 
tips of the vanes of the third revolving disk, the water pressure is 
suflGcient to overcome the pressure in the discharge pipe feeding 
the boiler. 

Use for Boiler Feeding, In order to obtain success with the 
use of a centrifugal pump for boiler feeding, the design of the pas- 
sages and the facilities for preventing communication between the 
stages, except by way of the ports provided, must be especially 
well cared for. In the illustration, note should be taken of the 
lubricating rings and the aiuiular wearing rings on the faces of the 
disks. When a pump of this kind is directly connected to an electric 
motor or steam turbine, the whole constitutes a compact piece of 
apparatus. 
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Circulating Apparatus. There is always more or less danger in 
starting a fire under a boiler. If the circulation is poor, the result 
will be that not only will the water be of an uneven temperature — hot 
near the top and cold at the bottom — but the boiler shell is likely to 
be subjected to severe strain, owing to the difference of temperature 
arising from the stagnation of the cold water near the bottom. The 
fire must be started slowly, and considerable time consumed in 
getting up steam. To overcome the difficulty of poor circulation, 
several mechanical devices have been applied. 

Injector, The first device tried was a hydrokineter — a sort of 
injector — in which jets of steam driven through a conical nozzle 
drew in the surrounding water. This was so arranged as to induce 
the cold water to flow from the bottom toward the top, where it 
was more intensely heated. This arrangement is efficient, but 
slow of action. In large marine boilers — in which the fire is cau- 
tiously started, as is proper — the temperature at the surface of the 
water, four hours after lighting up, has been found to be as high as 
205°, while at the bottom it was only 73°. Several observations 
with a hydrokineter in action have shown the temperatures to be 
205° and 144°, respectively. It was six hours more before the tem- 
perature was equalized throughout. In naval vessels, where it is 
frequently necessary to raise steam rapidly, this device is altogether 
too slow. It has, moreover, two other drawbacks. There must be 
an auxiliary boiler under steam pressure, and it will cease to act 
when the temperature and pressure of steam in the main boiler 
have reached those in the auxiliary boiler. 

Feed-Water Jet, The steam jet, in the American Navy, 
has been replaced by a jet of feed water forced through a conical 
nozzle. This arrangement answers very well so long as steam is 
being drawn from the boiler; but when the boiler is at rest and 
steam is being raised, it is inoperative. 

Small Centrifugal Pump. The best service is to be had by means 
of small centrifugal pumps fixed beside the boilers, which take 
water from the bottom of the boilers and discharge it a little below 
the water level. The pumps may be turned by hand while raising 
pressure, and may be worked by steam when sufficient pressure has 
been attained. A small engine of perhaps 1§ horsepower is sufficient 
to give a proper circulation to a large boiler. With such a circulat- 
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ing device, steam may be raised with safety in a comparatively 
short time. 

REQULATINQ AND HEATING FEED WATER 

Feed-Water Regulators. Strong claims are made for feed- 
water regulators as economical adjuncts to boiler equipment. 
Whether these claims are realized in practice depends largely upon 
the conditions under which the boiler plant is operated. Many 
engineers hold, on the contrary, that such devices should be avoided 
because their use creates a false sense of security in the minds of 
the operating force, which may give rise to carelessness on the part 
of the water tender and, at a time when something goes wrong with 
the regulator, operate to bring about a serious accident. That this 
13 true generally can not be asserted positively, as the evidence 
seems to prove that feed-water regulators are good in some places 
and not in others. There are two kinds of regulators for feeding 
water; at least, the aims of manufacturers have developed along 
two distinct lines. By far the greater number of regulators are 
intended to insure a constant water level in the boiler, while there 
are several, more recently developed, whose object is to permit a 
varying water level, depending upon the demand for steam. 
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Varying Water-Level Regulator. Among the latter may be 
described the Copes regulator, illustrated in Fig. 48. In this fig- 
ure the regulator part is shown as an adjunct to the water column. 
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The moving force is centered in the part "expansion tube", which 
is really a differential water column. As the expansion tube changes 
its length, it actuates a bell-cranh lever which, by means of a chain, 
moves the stem of a balanced regulator valve. The latter is shown 
in Fig. 49. The variation in length of the expansion tube is obtwned 
by the variation of the height of the water in the tube. When the 
water is high, the average temperature of the tube is lower than 
when the water is low; consequently, the length of the tube is less. 




The reason of its lower average temperature is that the water in the 
lower part of this inclined column is cooler than that in the stem 
above; the water in the tube radiates heat to the atmosphere, while 
the steam space retains the temperature corresponding to its pres- 
sure. 

It is plain that, when the boiler load is light, the regulator tends 
to keep the water level high. This water tends to act as storage 
water against the time when the load becomes heavier. The reverse 
is true when the load is heavy, the regulator tending to reduce the 



water fed to the boiler to the amount required, until an opportunity 
has been given to create more steam by an increase of draft and 




DisKTHin o( Copna 8ul>riiers«l Tube Ilf|;ululnr aa Iii^t 
Cimrtftj/ of ^'orlhem BQuijtment Compatiu 

greater coal conaumption. Fig. 50 shQwa the Copes Submerged 
Tube Regulator, as installed on the usual fire-tulie boiler. 

Constant Water-Level Regulator, As an example of the type of 
regulator intended to maintain a constant water level may be 
mentioned the Liberty, Fig. 51. A study 
of the illustration will disclose the opera- 
tion. The column on the left is in com- 
munication with the water of the boiler at 
such a height that a normal level of water 
in the boiler will stand at the middle of 
the colunm. When the water in the boiler 
starts to rise, it has the effect of raising 
the float, which, in turn, communicates 
with the lever system at its upper extremity. 
From this point the action is simple enough 
to be understood by examining the figure 
closely. The regulator control vah-e is 
shown on the right of the float column. 

Evaporators. No boiler can be run without a certain loss of 
water, due either to a slight continuous leakage or to blowing off. 
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In stationary practice, this loss can be readily made up by the intro- 
duction of fresh water: but at sea it is seldom possible to carry a suflB- 
cient amount of fresh water, and the make-up must be had either 
from sea water, or from fresh water provided by the use of an evap- 
orator. The evaporator is really a small boiler, the water in which is 
heated by a steam coil supplied from the main boiler. The evapo- 
rated water — called the evaporation — ^passes into the condenser and 
then becomes a part of the regular feed water. 

In a single evaporator, if the evaporation passes directly to the 
condenser, its heat is lost to useful work. To provide a more econom- 
ical arrangement, multiple evaporators are installed. These con- 
sist of a series, the evaporation from the first passing into a coil in 
the bottom of the second; the water in the second condenses the 
evaporation from the first, while at the same time the evaporation 
from the first helps to heat the water of the second. The steam and 
water pass through the series of heaters in opposite directions. 

It is a rule in the French Navy to provide 380 pounds of fresh 
water per hour for each 1,000 indicated horsepower. This provides 
for a loss of about 2 per cent without drawing on the reserve supply, 
which is 4,500 pounds for the same amount of power. 

The evaporator may be arranged to conimunicate with a low- 
pressure valve chest, in which case the evaporation may be made 
to do work in a low-pressure cylinder of a triple-expansion engine 
before entering the condenser, or it may be connected with the 
feed-water heater if the exhaust steam is inadequate. 

Feed=Water Heaters. Economy Factor. The introduction of 
feed water at a high temperature increases the economy and tends 
to prolong the life of the boiler. The injurious effects from unequal 
expansion are diminished; and when the feed water is warmed by 
exhaust steam or by the waste gases in the uptake, the saving of 
fuel is considerable. It may be safely stated that of all boiler-room 
accessories, feed-water heaters have the best claim as producers of 
economy. 

If this gain comes from waste gases or exhaust steam, which 
would otherwise make no return for their heat, the gain is clear; but 
there is no gain in thermal economy by heating feed water with live 
steam directly from the boiler. In the latter case there is a distinct 
loss. 
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Methods Used. There are several ways of heating the feed 
water. In condensing en^nes, the feed pump discharges from the 
condenser into the hot well, and the water is drawn from the hot 
well as boiler feed, at a temperature of 100° to 140° F. This, how- 
ever, if the pressure is over 100 pounds, is entirely inadequate; and 
for the best economy, feed water at this temperature should be 
passed through some form of feed-water heater. With noncon- 
densing engines, it is absolutely necessary that in some way the feed 




water should be heated by the exhaust steam or by waste gases 
from the chimney, the apparatus in the first case being called a 
feed-water heater, and in the second, an economizer. 

A feed-water heater may be arranged so that it will not only 
heat the water, hut will at the same time purify it, precipitating the 
calcium and magnesia salts, which collect on suitably prepared plates, 
and gathering, at the bottom of the heater, dirt and other sediment 
which would injure the boiler or cause it to operate uneconomically. 
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Types of Heaters. There are two types of feed-water heater — 
the open, which is frequently used in land work; and the closed, 
which may be used either on land or at sea. In the open heater, the 
steam raises the temperature of the water by mingling with it in 
direct contact. The closed type of heater resembles in its action a 
surface condenser; the steam used for heating purposes surrounds 
tubes which contain the feed water, or the water circulates about 
tubes through which the heating steam passes* 

Fig. 52 shows a feed-water heater of the closed type, the exhaust 
steam heating the feed water within the tubes. The heater shown in 
Fig. 53 is of the open type, the feed water becoming heated and 
depositing sediment while flowing from one tray to another. 

The Cochrane heater, Fig. 54, is a combined heater and puri- 
fier of the open-heater type, the water entering at the top and flowing 
in a thin sheet over a series of trays. The exhaust steam enters through 
the oil separator and, rising among the trays, heats the water to 
about 210® F, the action being similar to that of a jet condenser. 

Skimmers. Boiler feed 
water, if taken from rivers 
or ponds, is likely to con- 
tain vegetable matter as 
well as solid materials. The 
vegetable matter will usu- 
ally float to the surface, 
while the solids will collect 
at the bottom. To keep the 
boiler free from such impu- 
rities, it is customary to 
provide two blow-outs — a 
surface blow-out or skim- 
mer, to take care of what rises to the top; and a bottom blow- 
out, to take out the sediment that collects at the bottom of the 
boiler. The surface blow-out usually consists of a dish or funnel- 
shaped receptacle set with its face vertical, as shown in Fig. 55. 
When the water level is in line with this blow-out opening, the 
opening of the valve will skim the impurities from the surface of 
the water. Oil may get into the boiler through the feed water, and 
a considerable portion of it can be removed m tJoi^ Tciajaxi^x » 




Fig. 55. Section of Boiler Showing 

Method of Installing Surface 

Blow-Out 
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Bottom Blow-Out. The bottom blow-out consists merely of a 
pipe leading from the bottom of the boiler outward. Both these 
blow-outs may be connected into one outlet. 

Water-Tube Arrangemerd. In water-tube boilers a mud drum 
is usually installed, which collects the solid matter, and the bottom 
blow-out is then connected with this mud drum. 

Marine Practice. In Fig, 43 is shown an arrangement of surface 
and bottom blow-outs as usually installed on a Scotch boiler of 
the marine type. If the feed water contains salt, which may 
frequently happen in marine practice, it is necessary that the boiler 
should be blown out frequently in order to remove the excess of salt. 
The heat losses due to this frequent blowing out are considerable, 
but they cannot be avoided, except by the use of fresh water, which 
sometimes may be impossible at sea. The density of the boiler 
water, if salt feed is used, should be carefully determined by a 
salimeter. 

Protection, for Blow-Out Pipe. The blow-out pipe leading from 
the bottom of an externally-fired boiler through the brick setting, 
if not properlj' protected, may be burned off, owing to the heat of 
the fire. This pipe is fre- 
quently covered with as- 
bestos or other fire-resisting 
material; but it can be best 
protected by the means 
shown in Fig. 56. A pipe 
connected to the boiler slight- 
ly below the water level runs 
out through the brick setting 
and connects into the main 
blow-out pipe. This causes 
a circulation of water to pass continuously through the system, and 
prevents destruction of the blow-out pipe. When it Is necessary to 
use the bottom blow-out, the valve A is closed, and the blow-off 
valve B is opened; otherwise, B is closed, and A is open while the 
water circulates. 

Provision for ShuMing Off Blow-Out Pipes. The blow-out pipe 
is usually shut off by a cock, which, although not so easily operated 
as a valve, h more trustworthy. Usually both a cock and a valve 
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ire provideii. Sliould a small particle of sediment lodge on tlie 
valve seat, it would be impossible to close the valve tightly, and 
considerable leakage would result, while an inspection of the valve 
would not indicate whether it was completely closed or not. But a 
glance reveals the fact whether or not a cock is tightly closed. The 
cock is likely to stick because of corrosion or unequal expansion, 
but, if it is frequently opened, this difficulty is not of great weight. 




The plug and casing of the cock should not be made of the same 
material, as, in that case, they will more readily stick if the cock 
remains closed any length of time. 

Automatic Skimmer Systems. Several skimmers have been 
devised which are intended to operate automatically in the sense 
that, by their use, the surface impurities are constantly carried away 
from the boiler proper through the skimmer funnel and the adjoined 
piping. This piping, which is external to tlie boiler proper, but 
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carries boiler pressure, leads to a settling chamber, a return lead of 
piping entering the water space of the boiler below the water surface 
but above the lower sediment chamber of the boiler. The principle 
of operation is to set up a slow circulation through the system due 
to the denser water of the external piping overbalancing a like 
column of water inside of the boiler,' thiis slowly carrying the surface 
impurities down to the settling chamber. Such a system should 
not be a direct part of the blow-off system to get the best results, 
and care should be taken that the return pipe will not cause the 
sediment to return to the boiler, as will occur if its connection with 
the settling chamber is too low down or too close to the deposit of 
sediment. In any case, the whole system must be suitably valved 
and contain facilities for independent blowing down. The blowing 
down should occur frequently. 

Strainers. Where boiler feed water is likely to be taken from 
a source which permits the entrance of solids, such as ice, sticks, 
leaves, grass, cinders, wood, fish, eels, or any other kind of refuse, 
it is highly desirable to install a strainer which is exactly what the 
name implies. There are many forms of strainers, but all manu- 
facturers aim to provide a device which will give uninterrupted 
service by so designing the equipment that the parts are easily 
removed and cleaned of the accumulated debris. The illustration, 
Fig. 57, shows a tmn strainer which has the advantage of being 
two strainers so valved that one side can be operating while the 
other is opened for cleaning. 

STEAM END AUXILIARIES 

SUPERHEATERS 

Reasons for Use of Superheaters. As the science of steam 
use has gradually progressed under the constant search for better 
means for creating and using heat energy, engineers have endeavored 
to overcome inherent heat losses in the transmission of steam through 
distances and by reason of cylinder condensation in engines. The 
early adoption of the steam jacket on engines had the same end in 
view so far as engine performance was concerned, but it was dis- 
covered that, while such a scheme would reduce actual cylinder 
condensation, the net condensation of steam might easily be 
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increased. On the principle that dry metal surfaces convey heat 
from surrounding media much less rapidly than wet surfaces, it soon 
became evident that superheated steam would overcome, to a large 
extent, uneconomical engine operation, because superheated steam 

is as dry as a so-called permanent gas. The use of superheated 

* 

steam received its greatest impetus at the time steam turbines were 
introduced, not only on account of the greater thermodynamic 
advantage, but also on account of the reduction of the blade wear 
of both the stationary and moving parts. Its use in reciprocating 
engines, though recognized as an advantage thermodynamically, has 
not been so general on account of the difficulties which arise in 
lubricating the rubbing parts subjected to high temperatures. This 
introductory statement is made in order to indicate that super- 
heaters are used solely for their economical advantages, and not in 
any way because they tend to make the work of boiler-room operation 
less complicated, although it is to be said that a good superheater 
should not increase the complication of anything except, perhaps, 
the initial installation. 

Types. Direct Connected and Separately Fired. There are two 
types of superheaters: those which form a part of the pressure con- 
struction of the boiler and are enclosed within the same structure 
as the boiler, and those which are separately fired. The latter type 
differs in no way from the attached type, both consisting of pipe 
coils placed where high temperature gas impinges upon them. The 
steam to be superheated passes through the coils on the inside, and 
the gas among the tubes or coils on the outside. The separately- 
fired type is necessary where the boiler construction is not adapted 
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Fig. 58. Cross^Sectional View of Return-Bend Element and Coonecting Headers 
Used in the Construction of Foster Superheaters 

Courtesy of Power Specialty Company 

to the attachment of the coils within the path of the gases passing 
through or around the boiler-heating surface, or in cases where 
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^^B extremely high temperature superheated steam 
^^B. manufacturing process. 

^^P Armiired and Bare Coils. Two kinds of eoils are in general 

^^H use — bare tubes or coils and armored coils. Both kinds of super- 
^^m heaters may or may not have 

^^ r^^ ^-^-, internal blind-end insertions of 

pipe in order to force the steam 
being superheated to pass along 
the tube surface in a thin sheet, 
thus making the coil superheat- 
ing surface much more effective. 
The leading make of armored, 
superheater is known as thel 
Foster, manufactured by the 
Power Specialty Company, Nei 
York City, Figs. 58, 59, and 60, 
Fig. 5S shows a single element 
Eniwjced aeoiion through ut-rurn partly cut away to expose thi 
internal tubing. Fig. 59 showl 
a larger section through the return header plugs for the holes givinj 
s to the header ends of the superheater element— cast-iron ring 




r*. fiO. One Pinl 



mJ Outli-t HeBjIsn 1 



lav u/poimr Specially Company. jVew 

shrunk on a two-inch seamless tube, and the inner tube forcing the 1 
steam passing through to hug the coil surface. 
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Fig. 00 shows one element connected to two headers and a 
number oE openings in both to accommodate a number of elements. 
The construction shown is that of the Foster superheater. The 
Babcock and Wilcox superheater is identical in shape, except that tlie 
element is not armored. Both superheaters are attached to boilers in 
practically the same manner and at the same locations. In 
operation aud use, however, they are quite different, in that the 
Foster superheater, being armored, does not require "flooding" — a 
term used to indicate that water is introduced into the superheater 
coils at the starting up of the boiler until steam has actually been 




generated. The flooding is resorted to in bare-tube superheaters 
to preserve the coils from burning out during the time when no 
steam is given off by the boiler proper. Tlie Foster arrangement, 
by presenting a protection of cast iron to the heated gases, delays 
the heating of the superheater tube proper until steam is actually 
generated and is passing through the superheated coils. The non- 
flooding type obviates the danger of sediment deposits from dirty 
water, and tlie still greater danger that a part of the flood water 
may remain in the coils even after steam is being delivered by the 
boiler, which, when a sudden demand for steam arises, may be 
carried in a mass and cause serious damage to either the piping or 
the engine. 
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Fig. 61 illustrates only one of many forms of superheater instal- 
lations in use. The boiler shown is a water-tube boiler of the hori- 
zontal type, and the superheater is shown by the loops or elements 
placed between the boiler drums and the top row of tubes of the 
boiler proper. It will be noted that the superheater coils are not 
subjected to the intense heat of the gases immediately after being 
generated in the furnace, but receive this gas after passing among 
the boiler tubes in its first pass. The superheater receives its steam 
from the steam space in the rear header of the boiler and delivers it 
from the upper manifold. 

STEAM SEPARATORS 

Danger of "Wet" Steam. Steam is said to be wet or to be 
superheated according as it carries entrained moisture, or is of a 
temperature higher than that of saturated steam at the pressure 
dealt with. Wet steam is uneconomical to use, not only because it 
induces cylinder condensation in the engine, but because, if a con- 
siderable amount of water gets into the engine, it is really dangerous, 
for it may so completely fill the clearances that the piston will strike 
a blow against the cylinder head sufiicient to break it. The water in 
the pipes, moreover, may cause a serious hammering, which not 
only is annoying, but may be actually hazardous, for a severe water 
hammer may break the joints of the steam pipes, and a large quan- 
tity of escaping steam at high pressure would be exceedingly danger- 
ous to the lives of the engine-room attendants. This is especially 
true on board ship, where the engine room is small, the supply of 
air meager, and the means of escape limited. 

A considerable amount of water may be deposited in the sag of 
an improperly built pipe line, and may remain there for an indefinite 
length of time if the pressure in the boiler does not fluctuate; but a 
sudden rise of boiler pressure will likely cause this water to pass 
bodily through the pipe toward the engine. 

Priming. When a boiler delivers steam containing entrained 
moisture, it is said to "prime. The presence of any substance which 
tends to increase the surface tension of the water, such as grease, 
oil, or other foreign matter, increases the priming tendency. If the 
boiler is such that the steam in entering into the space containing 
the boiler dry pipe is projected near the dry-pipe openings, the 
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result is much entrained moisture in the steam. When a boiler, 
working at a fairly uniform rate, is suddenly called upon to deliver 
a somewhat greater quantity of steam and the fire conditions are 
correspondingly improved, the water level is raised on account of 
a greater percentage of steam bubbles in the water mass; and the 
result may be that the level of the water approaches so close to the 
steam outlet pipe that the steam, rushing toward its opening, carries 
large quantities of suspended moisture with it. If the water foams 
badly and the foregoing event takes place, the amount of moisture 
carried along with the steam may be quite large. 

Priming may be detected from the unusual behavior of the 
water in the gage glass, or from the hammering in the steam pipes or 
engine cylinder. To avoid a breakdown under such conditions, the 
speed of the engine should be reduced, the drain cocks of the cylin- 
ders and pipes opened, and the fires eased down. Sometimes, by 
suddenly shutting the main stop valve, the pressure in the boiler 
can be increased sufficiently to overcome the difficulty. 

Simple Methods of Obtaining Dry Steam. Steam Dome. 
Almost any boiler is likely to prime to some extent; and, to obtain 
as dry steam as possible, several devices are employed. On the top 
of stationary boilers and locomotives, a steam dome is frequently 
built, from which the steam is drawn, the idea being that less mois- 
ture will be found here than if the steam be drawn directly from the 
main portion of the boiler. 

Dry Pipe Method. In marine work, and sometimes in station- 
ary plants, a dry pipe is used. Fig. 43. This is merely a large 
pipe inside the boiler from which the steam is drawn. Tke pipe is 
near the top of the boiler, and the upper side of it is perforated with 
holes through which the steam may pass. In this way a considera- 
ble amount of moisture is prevented from leaving the boiler. 

The moisture in steam can be reduced by the familiar process 
of superheating; but if this, for any reason, is impracticable or unde- 
sirable, a steam separator may be used for the purpose of extracting 
the moisture which comes from the priming of the boiler or from 
condensation in the steam pipe. 

Types of Steam Separators. There are several forms of sepa- 
rators; but all are designed on the general principle that if the direc- 
tion of the steam current is suddenly changed, or if it is diverted 

\ 
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upward ami then downward, the water will be separated from the 
steam am! will fall to the bottom of a suitable receptacle. The depth 
of water collected in the bottom of tlie separator is readily indicated 
by a gage glass, and it may be drawn off as desired. To prevent the 
possibility of flooding the separator, it is well to connect it with an 
automatic trap which will empty it without close attention from the 
engineer. It is needless, of course, to say that the trap from this 







separator should be connected to the hot well, and the drip should be 
returned to the boiler with the loss of as little heat as possible. 

In the Stratton separator. Fig. 62, the steam enters at one side 
of a cylinder, flows downward, and then upward through a pipe 
the middle. Dry steam escapes from a pipe near the top on the 
opposite side from which it enters. The separated water is drained' 
at the bottom. 
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The Cochrane steam separator, Fig. 63, is of the baffle-plate 
type. The branches for the entrance and exit of the steam 
project from each side of the 
spherical head. Another branch 
from the bottom provides for 
connection with the well. The 
baffle plate, which is cast as a 
part of the head, is ribbed, or 
corrugated, and has ports at each 
side for the passage of steam. 
The area of the ports is large, 
to prevent loss by friction. A 
small pipe is inserted in the plate 
on the outlet side at the bottom 
of the baffle plate, to drain any 
condensation in the outlet cham- 
ber. Steam, tntering at the left- 
hand opening, strikes the baffle 
plate and passes to the outlet 
chamber by means of the two side 
passages, as shown in Fig. 63. 

A form of separator which is 
fitted to the main steam pipe near 
the engine is shown in Fig. 64. 
Steam enters at A and strikes the dash plate B; any water coming 
with the steam is separated and falls to the bottom. The steam takes 
the direction indicated by the 
arrows, and flows out at 7). 
This separator is fitted with 
a gage glass which is similar 
to a boiler gage glass. 

TRAPS 

Steam Traps. Steam 
traps are used for collecting 

the water of condensation from steam pipes. They consist of a 
receptacle with an inlet and outlet valve so arranged that the con- 
dens'^-tion which collects may flow out, but steawv cSk.wwo\.^^^^. 




Fig. 64. Separator Designed for Connection 
to Main Steam Pipe Near Engine 







Eig. 65. Simple Steam Trap Operated by Float 
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Float Type, In the float trap shown in Fig. 65, the float rises 
and falls with the change in water level. When the water level rises 

above a certain point, the 
float opens the discharge 
valve. The trap shown in 
Fig. 66 is similar, the float 
being replaced by a weight 
W, which is nearly counter- 
balanced by the weight T. 
The raising of PF by the water 
opens the valve V. 

Blanket Type. There are 
other forms called bucket traps. In the one shown in Fig. 67, the 
water enters at W, While there is only a little water around the 
bucket F, it floats, and the valve V is closed; but when the water 
rises high enough to flow over the edge, the weight of water in the 
bucket causes it to sink, and opens the valve V. Water is forced 




Fig. 66. Steam Trap Operated by Nearly 
Counterbalanced Weight 




Fig. 67. Bucket Type of Steam Trap 

up the passage ilf , and out through the pipe N, by the pressure 
of the steam on the surface of the water surrounding the bucket 
Differential Type, Another form of trap, called the differential 
steam trap, depends upon a head of water acting on a flexible dia- 
phragm. Water enters at either top or bottom by the pipes E, 
Fig. 68. When the water level rises it fills the chamber G and the 
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pipe N. This causes a pressure on the under side of the diaphragm 
greater than that caused by the spring //, which spring acts on the 
upper side of the diaphragm and 
tends to keep the valve open. While 
the pressure below the diaphragm 
preponderates, the valve P remains 
closed. When the water rises and 
fills the chamber J so as to flow 
down the pipe M, the water pres- 
sure on the upper and lower side 
of the diaphragm will become 
equal, because the head of water 
in M is practically the same as 
that in N. The spring will now 
open the valve P, and water will 
be discharged from the pipe /. 
When the head in M falls, the 
pressure on the under side of the 
diaphragm again becomes greater, 
and the valve accordingly closes. 

Return Traps. Traps that are used for returning water of con- 
densation to the boiler are called return traps. The object is to 




Fig. 68. 



Differential Steam Trap Operated 
„ _ - (e 



by Water Pressure on a FlezibI 
Diaphragm 
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Fig. 69. Diagram Illastrating Operation of Return Trap 



reclaim the steam condensed in piping, which would otherwise be 
lost. There is a variety of forms, but the principle of action is 
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umilar in all and is shown in Fig. 69. B represents the boiler 
and T the trap, which is placed a few feet above the boiler. The 
trap is supplied with steam from the boiler. It is also connected 
with the boiler by the pipe P, Id which is a check valve C. 
Water of condensatioa enters the trap through the pipe E, in 
which is a check valve H, until it reaches a depth sufficient to 
raise the float F, which opens the balanced steam valve V, called 
an equalizing valve. Steam from the boiler then enters the trap 
and equalizes the pressure. Since the pressures are equal, water in 
the trap, because of its height above the water level of the boiler, 
will flow to the boiler until the level in the pipe P is nearly the 
same as the water level in the boiler. As the water level in the 
trap falb, the float F drops, anrl the equalizing valve is closed. 
In some forms of return traps buckets are used instead of floats. 

SOOT BLOWERS 
Causes of Soot The whole subject of soot arises out of the 
effects surrounding incomplete combustion, of whatever form that 




Appli 



may take. Therefore, the ciinsi-s, ciret-ts, uiul renietiies ha\ing to 
do with incomplete or (Mirtiitl conilmstion aw insei>iirabl\- linked 
with soot formation. If the combustion |>nH-cs!' is liH»ked after effec- 
tually the soot problem Ihh-ouu's lcs,s in extent. I'riinarilj- the main 
loss from soot formation is *'•" '''HTt-use in tlic jihsorbinj: ability of 
the heating surfaces mth' 'oss dm- to thi> amonnt of fuel 

unbumed and rejei'ttnl tu of lK)ilir [wins is .some- 

les caused by tlie uc 'binatiou of the i^ulphur 
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products of combustion uniting with moisture of which the soot 
acts as a ready absorbent. 

Methods of Removal of Soot. The removal of soot presents 
difficulties which require ingenuity on the part of both the design- 
ing and operating engineers of steam plants, It has developed 
that soot of a given thickness on heating surface is somewhat 
more serious in the reduction of boiler economy than an equal 
thickness of scale deposited by evaporated water. The problem in 
fire-tube boilers is less difficult than with water-tube boilers for the 
same reason that the reverse is true in the matter of scale removal. 



FirR-Tvbe Boiler Type. In fire-tube biiilers the soot cleaning 
is done by inserting a pipe leading to either air or steam under 
pressure in the end of each tube, thus creating a high velocity of 
gas or steam movement in that particular tube which scrubs out 
the soot. If the process is continued, and soot is not blown from 
one part of the boiler to another, results are fairlj' satisfactory. 

An improvement in the manual cleaning can be obtained 
by the device shown in Fig. 70. This blower — shown in the illus- 
tration as ready for use — performs the entire blowing service by 
rotating the blower arm so that jets of steam bluw <lowii each tube. 
The cleaning is done rapidly, and the soot is forced to go in the 
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direction of the gas travel or toward the chimney. When not in 
use the blower pipe is withdrawn into a recess in the back wall of 
the boiler setting, thus removing it from the hot gases. 




Pig. 72. Seriioi 



if Vulcan Soot BlowH 



Water-Tvbe Boiler Type. Soot blowers for water-tube boilers 
must be designed to fit the boiler settings and baffling arrange- 
ments, which are almost as numerous as the types of water-tube 
boilers manufactured. Only two arrangements can be shown here. 




Fig. 71 illustrates a system adapted for use with a horizontal 
water-tube boiler. The intention is here to keep the cross blowing 
pipes out of the heated gases until a part of the heat has been 
extracted. The number of openings in the setting wall are reduced 
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to a miQimum and ample facilities for drainage are provided. 
Fig. 72 shows the direction taken by the steam jets. 




Some types of boilers do not permit side access to the boiler 
tubes, in which case other means must be resorted to than those 
given in Fig. 71. Figs. 73 and 74 show one method employed 
where advantage is taken of the hollow stay bolts of water-leg 
boilers. Fig. 73 illustrates an older 
double-end type while Fig. 74 shows 
a new type of single-end soot blower. 
The manner of introducing the blower 
into a hollow stay bolt is shown in 
Fig. 75. The illustration is sufficiently 
clear to show its application. | 

LAGGING 

Necessity for Protection. When pig ,_ 

steam pipes are exposed to the air, a "' Biawer to hoiio* suy 

considerable amount of condensation will collect in them, depend- 
ing upon the condition of the surface of the pipe, on the differ- 
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TABLE I 
Bare Pipe Data 



Heat Losses in Bare Pipes 



Condition of Pipe 



New pipe 

Paintea glossy black 

Painted glossy white 

Fair condition 

Rusty 

Coated with cyUnder oil. . . , 
Painted dull black 



B.ttt. LCMB 

perSq. Ft. 
per Murate 



11.96 
12.10 
12.02 
13.84 
14.20 
13. 9P 
14.40 



Vabiation of Heat Loss with Pressube 



Pressure 



340 

200 

100 

80 

60 

40 



Heat«LoBB ^ 

B.tu. 
perSq. R 
par Minute 



/ 



15.97 
13.84 
8.92 
8.04 
7.00 
5.74 



ence in temperature between the steam and the surrounding air, 
and on the velocity of the steam through the pipe. This condensa- 
tion will cause a large amount of heat to be lost to useful work, and 
will make the dangers of water hammer possible unless carefully 
drained. Tests have shown that about 2 B.t.u. are lost per square 
foot of pipe per hour per degree of difference in temperature. While 
the loss for a few hours is not likely to be great, yet, if taken for an 
entire year throughout a considerable length of pipe, the sum total 
will be very large indeed. Table I* gives some idea of the loss of 
heat through bare pipe at 200 pounds pressure. 

Pipe Coverings. To make this loss from radiation as small as 
possible, it is customary to cover the pipe or boiler with some material 
which will prevent loss of heat and which will not bum. There is 
considerable difference in the value of various substances as prevent- 
ives of heat radiation. Their value varies nearly in an inverse ratio 
to their conducting power; but due allowance must be made for the 
possible deterioration of the pipe covering. Table II gives the 
relative value of various substances with reference to their ability 
to prevent radiation of heat. For purposes of comparison, the 
value of wool is taken as the standard. 

Types of Covering. Many of the patented coverings are very 
efficient, but they are too numerous even to mention. The above- 
mentioned article from the Proceedings of the American Society of 

*A full account of some interesting tests can be found in a paper entitled Protection of Steam- 
Heating Surfaces, by C. L. Norton, Vol. XIX, Proceedings of the American Society of Mechuiiofll 
En^eers, from which Table I has been taken. 
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TABLE II 
Relative Values of Various Preventives of Radiation of Heat 



\ 


Materials 


Per Cent 
OF Value 


Materials 


Per Cent 

OF Value. 


Felt; hair, or wool 


100 
98 
89 

68-83 
67-76 
63 


Sawdust 


61-68 

47 

40-55 

36 

34 

22 




Asbestos sDonse 


Asbestos Daoer 




Air-cell asbestos 


Wood 




Mineral wool 


Asbestos, fibrous 




Carbonate of magnesia 

Charcoal 


Plaster of Paris 




Air space (undivided) 







Mechanical Engineers gives the results of tests of several of these 
coverings. A good protection is afforded by air confined in minute 
cells, such as is to be had in the air-cell asbestos board; this is made 
by cementing together several layers of asbestos paper which have 
been corrugated or indented by machinery so as to form minute air 
cells. The more minute the subdivision of these cells, the better 
the protection is likely to be. Hair felt is one of the most eflScient 
non-conductors, because it is very porous and contains a large 
number of air cells. It is not one of the best coverings, however, 
because it is likely to deteriorate, and its life on high-pressure pipes 
is not likely to be more than four or five years. On low-pressure 
ivork it may last for a considerably longer time. 

Mineral wool, a fibrous material made from blast-furnace slag, 
is an efficient and noncombustible covering, but is brittle and liable 
to fall off. 

The coverings most easily applied to pipes are those which can 
be applied in sectional form. They clasp around the pipe and are 
fastened by brass bands at convenient intervals. Such coverings 
are made either of asbestos or magnesia, and are usually about 
one inch thick for the smaller sizes of pipe. 

A good, cheap covering can be made by wrapping several layers 
of asbestos paper around the pipe, and then putting over this a layer 
of hair felt three-fourths inch thick, the whole being wrapped in 
canvas. On low-pressure steam pipes this covering will last ten to 
fifteen years. 

Cork is perhaps one of the most satisfactory coverings from the 
point of radiation loss, but is somewhat more expensive than asbestos 
or magnesia. 
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Cost It has been the general impression that it is not econom- 
ical to cover a pipe to more than one inch in thickness. This will 
depend upon the cost of the covering and the length of time it is 
likely to last. If it does not last more than five years, one inch is 
probably the most economical thickness; but if the life of the cover- 
ing is likely to be ten years or more, a second inch in thickness can 
be applied to advantage. For instance, in the above-mentioned 
tests, in the case of Nonpareil cork, increasing the thickness from 
one to two inches raised the cost from $25 to $30 per 100 square feet, 
and increased the net saving in five years by $10, and by $30 in ten 
years. A third inch of covering did not produce saving enough to 
pay for its cost. In each case with the asbestos fireboard, a second 
inch in thickness showed a saving of $20 in ten years, while the third 
inch in thickness showed an actual loss from the doUars-and-cents 
point of view. It should be remembered that it is of great impor- 
tance that to keep the pipe covering in repair, for a loose-fitting 
covering is of little value. 

Boiler Coverings. The same may be said with regard to boiler 
as to pipe covering, except that the covering put on boilers is usually 
somewhat less efficient and is applied in greater thickness. Prob- 
ably one I of the best coverings for a marine boiler — or, in fact, for 
any internally-fired boiler — ^is a layer of air-cell asbestos board, 
covered with a coating perhaps two inches thick of magnesia or 
asbestos. This comes in powder form, and when mixed with water 
can be readily applied with a trowel. Coverings on boilers are best 
placed directly against the shell without an air space, so that any 
leak in a joint or rivet will reveal the spot by moistening the cover- 
ing; otherwise the escaping water may run down through the air 
space and appear at some remote point, thus making the leak diflS- 
cult to locate. 

An efficient covering for boilers is made of either magnesia 
or asbestos in the form of blocks of the proper curvature, 
which can lie directly against the boiler; but this form of covering 
is rather more expensive than the asbestos or magnesia cement. 
To secure an extra hard finish a coating of plaster of Paris may 
be put on outside the magnesia or asbestos. No boiler or pipe 
covering should contain sulphate of lime, as this is likely to cause 
corrosion. 
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Covering for Externally Fired Boiler. If an internally fired 
boiler is properly lagged, there is little danger that any large 
amount of heat will be lost, as the heat of the fire must pass 
through the water beiFore radiating. This is not true with an 
externally fired boiler, where a considerable amount of heat may 
radiate through the brick setting of the boiler without coming in 
contact with the boiler at all. 

Many expedients have been tried, most of them with indifferent 
success, to provide an efficient method of preventing heat radiation 
from the settings of externally fired boilers. The earlier attempts 
took the shape of building an air space in the boiler walls; this 
simple construction is not effective because the air can circulate 
easily between the walls and, even when the two walls are properly 
bonded together, the outer wall may be intact while the inner and 
more important wall may be badly cracked or crumbled. The 
better form of double or air-space wall divides the air space into 
noncommunicating cells of, say, 4 square feet of area. It is safe 
to say that air-space walls are finding less favor as the science of 
boiler economy is becoming more exact. However, it is quite neces- 
sary to apply some better insulation than that afforded by a brick 
masonry wall for boiler settings. Recent practice is tending to the 
application of magnesia or asbestos in a layer about 2 inches thick 
on the whole exterior surface of the usual brickwork, covering this 
in turn with canvas glued tight to the surface. Several coats of 
paint are then applied. When work of this kind is properly done, it 
not only reduces radiation of heat materially but prevents the infil- 
tration of air into the settings, which is of much more importance. 

DRAFT APPARATUS 

General Classification. The entire subject of draft apparatus 
is closely linked with both the design and operation of boilers. 
Primarily, of course, the object of such equipment is to provide 
air for combustion, but as the manner of application is determined 
to a large extent upon boiler passages, tube rows, etc., it is 
thought proper to present the main features here, because the 
usual situation is that the boiler is located between the draft 
creator and the place where the effect is to be felt, namely, in the 
furnace. Even should the apparatus be such as to force the 
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air for combustion through the furnace, the degree of freedom 
of permitting the gases to move from the furnace is still controlled 
largely by the boiler or its setting design. The terms used with 
reference to the way in which the draft force is created are descrip- 
tive of the contrivances themselves, namely, natural, if brought 
about by a permanent rigid structure, such as a chimney; mechan- 
icaly if fans, blowers, stack jets, etc., are used. The second group 
is divided into forced or induced, to express whether the air is acted 
upon mechanically before or after entering the combustion chamber. 

CHIMNEYS 

Action of Chimney. The proper design of chimneys consti- 
tutes one of the most important features to be dealt with in boiler 
practice, though the factors entering into stack design are so 
numerous that it has not, thus far, been practicable to evolve a 
formula including even most of the variables in one statement. 
Recourse is therefore taken to the results obtained in practice, 
expressions of which are found in empirical equations which must 
be very judiciously handled lest grave mistakes result. 

The gas leaving a boiler setting, being somewhat hotter than 
the air surrounding the chimney it enters, weighs less than the same 
volume of air surrounding the chimney. If the air surrounding 
the chimney has access to the chimney, or can exert its weight 
upon the lighter gases within the chimney, even by the devious 
path through the setting of the boiler and its breeching, there will 
be a constant tendency to establish a balance between the two. 
The force tending to establish this balance is termed draft. 

Determining Factors in Chimney Design. The purpose of pro- 
viding a draft force at the chimney is to create a force to supply air 
to the burning fuel and to carry the gases of combustion through 
the boiler setting and connections to the chimney. The height 
of the chimney should then be sufficient to perform all the work of 
overcoming the fuel-bed resistance and the other passage resistances 
that may be encountered. From this it may be correctly judged 
that it is the height of a chimney which determines the intensity of 
draft for a given gas temperature and the maximum probable rate 
at which the fuel can be burned, while the area of the chimney con- 
trols the amount of gas in cubic feet per unit of time the chimney 
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will carry away, considering a given temperature of gas. In further 
explanation of these two statements, attention need only be called 
to the fact that the higher a chimney the greater its cubical contents 
for a given area, and consequently the greater the difference between 
the interior and exterior gas columns in weight; that the rate at which 
fuel can be burned is neariy proportional to the difference in draft 
above and below the fuel bed. 

It is true that both the area and the height of a chimney have 
some influence upon the draft intensity when a gas of a definite 
temperature is delivered to it, but it is customary to look upon the 
design of chimneys in the light stated, modifying both dimensioiis 
for structural reasons. 

Dimensions of Chimneys by Kenf s Formula. Many formulas 
have been advanced for the purpose of arriving at more exact meth- 
ods for proportioning chimneys than by the unsatisfactory expedient 
of finding a chimney that has turned out well. Most of them leave so 
many factors unprovided for that it is now recognized as a mistake 
to use them except in the simplest cases. Probably the formula 
advanced by William Kent has received the most favorable consid- 
eration in the United States. Table III is computed by using the 
formula mentioned; a coal consumption of five pounds per horse- 
power developed is the basis of the computation. The results 
obtained by the use of this table are satisfactory, as there is a 
margin allowed for a reasonable overload. It is well to apply an 
increase to the height figures given in the table when low-grade 
bituminous coals are dealt with. Many engineers use a imiform 
increase of 20 per cent for this piu'pose, but there are circumstances 
when a much greater increase should be supplied. No definite rule 
can be given covering these contingencies. 

Careful chimney designers make allowances for varying alti- 
tudes above the sea level. The reason is easily seen, for the density 
of air grows less as the height above the sea level is increased. 

Influence of Fuel on Draft Required. The draft necessary for 
burning fuels other than coal is of different intensity than for coal. 
For a given boiler setting, wood should rarely be provided with as 
high a draft as for coal; for oil burning less draft is required at the 
chimney, as there is no fuel bed to offer resistance. In the latter 
instance the chimney may be of considerable less area also than for 
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coal, because the volume of gas coming from oil economically burned 
is less than for coal burned at a rate to create the same power or 
evaporation. 

Methods of Construction. Chimneys are usually made of 
brick, steel, or concrete. If of steel or concrete, they are always 
circular. When made of brick they are circular, rectangular, or 
octagonal. For a given area, a circular chimney requires the least 
material, since a circumference has the least perimeter; it also pre- 
sents less resistance to wind. 

A steel chimney is niade up of plates of steel riveted together. 
The shell is bolted through a foundation ring of cast iron to the 
concrete foundation. It is sometimes lined with fire brick, with a 
thickness \which varies from 12 to 18 inches at the bottom to about 
2 inches to 4 inches at the top. This lining is used to prevent heat 
being lost through the shell and does not add to the strength of the 
chimney. 

A brick chimney is built in two parts — ^the outer shell, which 
resists wind pressure, and a lining. The inner chimney is made 
separate from the external shell in order that it may expand when 
the chimney is carrying hot gases. 

The interior surfaces of brick chimneys are often of cylindrical 
shape, while the exterior surf ate tapers. The taper is about .3 inch 
to the foot. The brick at the base of the chimney is splayed out to 
make a large base. 

During recent years concrete chimneys have come into much 
favor, especially since this type of construction has been perfected 
both in strength and appearance. While the early concrete chim- 
neys had cylindrical shafts they are now quite generally built with 
tapered shafts which not only reduces the amount of material 
required for their construction, but improves the appearance. 

The concrete is reinforced with vertical steel rods and. some 
form of woven wire mesh made up in rings. When proper concrete 
mixtures are used with good designs and are placed under the direc- 
tion of competent construction superintendents, the results are 
quite satisfactory in concrete chimney work. 

As good natural earth should carry from 2000 to 4000 pounds 
per square foot, the base of the chimney should be large enough so 
that this pressure will not be exceeded. 
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The external shell is calculated for wind pressure and the weight 
of brick. This calculation for wind pressure involving higher 
mathematics will not be treated here. The lining is calculated for 
compression due to weight. The design, both of the chimney and 
its foundation, should be made by a competent engineer of experi- 
ence, on account of disastrous results should a chimney fall. 

SYSTEMS OF MECHANICAL DRAFT 

Classification of Systems. High chimneys are costly; and it is 
frequently the practice to build two or three small chimneys in place 
of the big one, or to supplement them with some form of mechanical 
draft. 

By means of mechanical draft, the rate of fuel combustion can 
be increased under favorable conditions to 60 pounds of coal per 
square foot of grate surface per hour. This, of course, greatly 
increases the capacity of the plant, but may be injurious to the 
boilers. There are three systems of mechanical draft in common 
use: (1) closed stokehold (as used in marine work); (2) closed ash 
pit; and (3) induced draft. 

Closed Stokehold. One of the most common forms of forced 
draft, especially as used on warships, is obtained by closing the stoke* 
holds and blowing a fresh supply of air into the fireroom. This gives 
an exceedingly good ventilation and keeps the fireroom in good con- 
dition; but its chief objection is that, when the furnace doors are 
opened, there is a tremendous in-flow of cold air, which tends to 
lower the efficiency of the boiler. If this system is employed, the 
bulkheads adjacent to the boiler room must be provided with double 
doors, forming an air lock between. By opening only one door at a 
time, the pressure in the fireroom is not lost. This system seems to 
possess but one distinct advantage, and that is coolness and, therefore, 
comfort for the firemen; but the disadvantage of the inrush of air 
to the furnaces when firing is sufficient, in some cases, to make the 
system questionable. 

Closed Ash Pit. The essential features of forced draft by this 
method consist merely in closing the ash pit tight, and blowing the 
air directly under the grate. When the fires are cleaned, the draft, 
of course, must be shut off; otherwise the^flames will be blown out 
into the fireroom. The fireroom, imder this system, is likely to be 
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hotter than by the other method; but this system would seem to be 
the better from a mechanical point'of view. 

As a variation of the ordinary closed ash-pit method of forced 
draft, the very important class of mechanical stokers, previously 
described and known as the underfeed type, must be mentioned. 
In all stokers of this class the success of the underfeeding principle 
of fuel delivery depends upon the ability of the apparatus to provide 
the passage of air for combustion through a very thick fuel bed. 
Any other method than blowing air under pressure into a wind box 
beneath the fuel bed, in order to overcome the high resistance of the 
fuel bed, would fail. 

There are several patented devices in connection with the forced 
draft, of which the Howden and the Ellis and Eaves systems may 
be specially mentioned. It may be worth while to note that if fuel 
oil is burned, any one of these systems of forced draft will work 
better than with coal, for the fire can be tended without opening the 
firedoors. 

Induced Draft. Perhaps the most common example of induced 
draft is*to be found in the locomotive, where the exhaust steam is 
turned into the smokestack. The rush of this steam up the stack, 
by carrying a large volume of gas with it, induces a tremendous draft. 
Induced draft may also be obtained in stationary and marine plants 
by placing a blower in the chimney or stack. In marine work, of 
course, induced draft by exhaust steam is out of the question. The 
draft obtained on locomotives is frequently equivalent to a column 
of five or six inches of water; while a forced draft of two inches is 
usually considered large, except for torpedo boats, which may have 
as intense a draft as a locomotive. 

Howden System. The Howden system of forced draft with 
closed ash pit has been used to a considerable extent in both mer- 
cantile and naval service. The air supplied to the ash pit is first 
heated by passing through a heater in the uptake. Waste gases pass 
through tubes; and the air, passing among them before entering the 
furnace, is heated to a high temperature. A consumption of 60 
pounds of coal per square foot of grate is easily obtained with this 
system; and care must be taken that the fire is not forced too hard, 
as there is more danger of burning out the grate than if the air supply 
is not heated. 
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Ellis and Eaves System. Heating the air does not necessitate 
its being forced into the closed ash pit, for it is quite feasible to heat 
the air in connection with draft induced by an exhaust fan at the 
base of the funnel. Such is the Ellis and Eaves system. This sys- 
tem was first tried in the boiler shops at the works of the John Brown 
Company, in Sheffield, England, and was later adopted on many 
vessels. The Ellis and Eaves heater is fixed on top of the boilers, 
and is divided into two parts separated at the front by a smoke box 
and at the back by a funnel. The hot gases, therefore — ^which pass 
outside the tubes — ^have to take a somewhat circuitous course; while 
the passage of the air to be heated, on the contrary, takes a direct 
course. The distribution of air to the ash pit is similar to that of 
the Howden system. The advantages of this system lie ifl the gen- 
eral convenience of the induced draft and the absence of jets of hot 
air shooting out into the boiler room. The draft need not be shut 
off when stoking the fires, unless it is desired to prevent the inrush of 
air already referred to under the general discussion of "closed stoke- 
holds*'. The air in the fireroom being of a relatively higher temper- 
ature than would obtain with closed stokeholds, and the quantity 
being much less, this objection has no great weight. With the How- 
den system it is necessary that the doors should be tight; otherwise 
hot air will be blown out into the fireroom. With this system a few 
leaks are of no consequence, and the fireroom will be somewhat 
cooler than with the Howden system. The objections to the Ellis 
and Eaves system are those inherent in any system of draft induced 
by a fan — a poor efficiency of the fan working in heated gases and 
lost work in drawing air through tortuous passages. 

Steam Jets. Steam jets may be used for inducing a draft. They 
may be placed either in the smokestack, or below or above the grate; 
but in general they are not so economical as a fan used for the same 
purpose. In locomotives and fire engines, where the exhaust steam 
is at high pressure, an intense draft may be induced by exhausting 
this up the smokestack. In both these cases the saving of weight, 
due to the use of a small boiler running at high capacity, is of great 
practical importance; and for such purposes this arrangement is 
entirely satisfactory. This method of creating draft is becoming 
more prevalent on the continent of Europe, where many successful 
installations are operated. 
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BREECHINQS 

General Items to Be Considered. The structure conveying 
waste or uptake boiler gases to a discharge place, as, for instance, 
a chimney, is called a breeching. These are of such shape and 
built of such materials as experience seems to justify. They have 
been and still are located in every conceivable position, both under 
ground and over head, and the errors. in design that have been 
committed in their construction are in thousands of instances very 
costly. The following represent the main general items demanding 
consideration: 

1. All turns should be made by long radius bends. 

2. All changes in size and shape should be made gradually. 

3. No cross-section dimension should ever be greater than twice as large 
as the dimension at right angles to it. 

4. Entrance into chimneys should be made with an upward slant, so as 
to increase the radius of the gas travel turn at the stack as much as possible. 

5. Construct them so as to prevent air infiltration. 

6. Unite with other structures so outside air will not enter at the joints. 

7. Provide ample air-tight cleanout facilities. 

8. If underground, look to the drainage. To be effective, a breeching 
must be dry. 

9. ■ Do not build breechings out of brick. 

10. Line steel breechings with an acid-resisting material which also resists 
heat transmission. 

11. Support breechings free of boiler parts. 

12. Depend upon individual boiler dampers and not on a breeching or stack 
damper when more than one boiler is connected with a stack. 

13. Never provide two or more paths of travel for gases in a breeching at 
the same time, as by placing a chimney at each end of a breeching. 

1 4. Do not place dampers in boiler uptakes so as to stand in the way of 
gases moving in the breechings when opened. 

15. Try to avoid the "head-on" movement of gases from two ends of a 
breeching on their way to a stack. 

16. If the breeching must be long or tortuous, be sure to allow for these 
things by additional chimney height to make good for the extra resistance and 
radiant heat loss. 
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FUEL ECONOMIZERS 

Many devices have been employed wliereby a ]jart of the heat 
y be extracted from waste gases as they pass from the boiler to 
chimney. Most of these devices consist of a tubular arrange- 





nt among which the hot gases pass; but, as they are suon covered 
h a thick deposit of soot, they quickly become inoperative. 

Green Economizer. The Green economizer, Fig. 76, solves 
5 difficulty by means of small scrapers which work up and down 
ween the tubes. These scrapers are operated by a small engi:;e, 
i keep the tubes free from soot. The feed water is pumped 
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through these tubes on its way to the boiler and is heated. An 
economizer of this sort will extract considerable of the heat from 
the vaste gases; but, by reducing the temperature of these gases, 
and by the extra mechanical resistance, the draft is somewhat 
reduced, and either the chimney must be built higher or an exhaust 
fan must be used. The proper installation of an economizer is a 
matter requiring judgment and experience, especially in the design 
of the flue connections and all other gas passages. 

Sturtevant Fuel Economizer. In Fig. 77 is shown an econo- 
mizer manufactured by the B. F. Sturtevant Company. In the 
illustration the inclosing walls are omitted, thus exposing to view the 
soot pit, pipe headers, pipes and scrapers, caps, scraper operating mech- 
anism, etc. The casing is made either of brick or of metal-asbestos. 

The special features entering into the construction of this 
economizer are several in number. All joints are made without 
the use of gaskets, dependence being placed upon metal-to-metal 
tapered fits. In the case of connecting the tubes to the headers 
the fit is obtained by hydraulically pressing the tapered ends of 
the tubes into the tapered holes of the manifolds. This feature 
does away with the necessity of removing a whole section of tubes 
when one tube fails, as each tube can be removed by withdrawing 
it upward if room is available. The tubes are placed "staggered" 
as a usual thing so that the heated gases more completely envelop 
the tubes than if they were placed in straight rows. 

POWER PLANT ACCESSORIES 

Importance of Properly Handling Supplies and Refuse. Dis- 
tinct from the problems presented in the equipment and operation 
of boilers, that of providing suitable housing accommodations and 
facilities for the receipt, storage, moving, and weighing of fuel, 
and the removal, accumulation, and disposition of refuse con- 
stitutes an additional problem of great importance. In fact, the 
proper handling of these details demands, in most cases, the appli- 
cation of as much ingenuity as the subject of proper boiler setting 
and equipment. Unlike pure boiler and furnace design, a bad 
selection of conveying equipment is not reflected in the loss of 
efficiency in the use of fuel but '« «+nkingly evident in the exces- 
sive cost of boiler room labo =», and high maintenance. 
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The investigator of this subject cannot expect to find a com- 
plete or correct answer to his inquiries in pubhshed works of 
either the instructional or catalog kinds, as the variables are so 
numerous and their relative importance so different that it would 
be only by the merest chance that a proposed installation could 
find its counterpart in one already existing. However, specialists 
in the field agree upon certain fundamentals, which it is the purpose 
of the succeeding paragraphs to set forth. 

COAL HANDLING 

Systems Employed. There are two principal modes of hand- 
ling coal, either of which may be adopted without regard to the 
size of the plant served, namely, (1) A conveying system, the 
elements of which consist of a coal receiving hopper (as beneath 
an unloading track); a short elevating conveyor discharging into 
a coal crusher; a conveyor feeder of an endless bucket conveyor, 
lifting and distributing the coal to bunkers placed above and in 
front of the boilers; and chutes leading the coal to stoker hoppers 
or to a convenient firing space on the boiler room floor. (2) A 
system consisting of a receiving hopper (as beneath an unloading 
track); a short conveyor to a coal crusher; a conveyor feeder dis- 
charging into a lifting conveyor and delivering crushed coal to a 
storage hopper; and a traveling larry serving stoker hoppers or the 
firing space on the boiler room floor. 

Variations from the above descriptions are frequently pro- 
\4ded especially in the matter of unloading coal cars by means of 
grab buctets and carrying the coal direct to overhead storage bins. 

An excellent illustration of the first class is given by Fig. 78, 
In the system shown, the ashes are carried by the same conveyor 
which carries the coal, dumps it into the hopper 5, from which it 
may be loaded directly into the same car, when empty, that 
brings coal to the plant. It will be noted that the system affords 
facilities for large storage inside the building and is especially 
well adapted to large plants. In the second system, distribution 
is made by a larry traveling the length of the boiler room, as 
shown in Fig. 79. The larry shown is electrically driven and 
includes a weighing device. When the weighing feature is desired, 
together with a long storage bin as in system (1), it is sometimes 
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iwlvantageoiis to employ a lairy instead of chutes. By this means 
the storage bin may have more bottom openings than are required 
to serve the stoker hoppers thus affording better bin-emptying 
facilities than would occur with chutes alone. The larry of the 
type shown may be constructed with movement transverse to ita 
main translation thus affording greater freedom in the bin eon- 
atruction than when chutes are used alone. It must be kept in 
mind that the pitch of the chutes must be ample to allow the 
ready flow of coal, consequently, if the horizontal distance between 
the furnace hoppers and the discharge pace of the bin is fixed, 
the vertical height of the bin above the boiler room floor must 




be made to fit, and vice versa. Necessarily, any permanent bin 
structure in any system of storage must be such as to permit the 
renewal of boiler tubes, which add.s another element as to position 
of blinkers which enters into the problem. Where two rows rf 
boilers face each other the larry must offer a double spout arrange- 
ment or a means for turning the larry discharging device through 
an angle of 180 degrees. 

The larry system of conveyance overcomes one objection of 
the continuous bin type with chutes in that the latter cannot 
readily be constructed so as to completely empty themselves by> 
gravity thus leaving an appreciable quantity of coal constantly ia' 
the bins between the chute openings. Where the coal is convey* 
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a larry the storage bin need not be located in the boiler room 
r need the building housing the boilers be as high as for the 
itinuous bin type. 

Chutes. Coal chutes should not be of the flaring bottom 
3e, for it is not possible with this shape to obtain a uniform 
il size distribution, the tendency bein;,' for the Inrger pieces to 




1 to the ends of the flare even if baflling is inserted in the 
ute. The fires are therefore unevenly charged and poor com- 
stion is the result. The chutes should be cylindrical in section 
d be capable of a swinging movement along the stoker hopper 
igth. 

Coal Storage Bins. Coal storage bins are usually built in 
s form of what might be termed the continuous pattern, the 
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bottoms constructed in a series of hopper shapes, each terminating 
below in a coal discharge head leading to a spout or chute. 
Sometimes a series of cylindrical tanks placed one beside the other 
takes the place of a continuous construction in which case the 
bottom of each tank is shaped like an inverted cone. Reinforced 
concrete bins having a parabolic cross-section are coming into 
favor because of the protection to the steel afforded by the 
concrete as well as other features of strength and general adapta- 
bility to space economy, etc. 

ASH HANDLING 

Reason for Handling Coal and Ash Separately. While the 
quantity of refuse material of a power plant is a great deal less 
than the amount of coal burned, the moving of it is attended 
with greater trouble and expense than that of the coal. This is 
due to the high abrasive quality of ash making it very destructive 
when used with moving machinery. On this account it has come 
to be recognized that ash and coal should be separately moved 
and the tendency is to employ a mechanical conveyor for moving 
coal and a system of dump cars for the moving of ash, rather 
than cause the destruction of a very expensive piece of machinery 
suitable for moving one product because a much lesser quantity 
of another material is conveyed by it. Again, when a conveyor 
is used for both materials the fact that ashes are usually wet down 
before charging to conveyors causes the buckets to become par- 
tially filled with a mushy mass which refuses to spill by gravity 
and the result that either good coal finds its way to the ash heap 
or ash finds its way back to the coal supply. The corrosive action 
of wet ashes is very great. Altogether, the problem of ash dis- 
posal is always difficult to solve whether having to do with a 
large plant or a small one. 

Types of Systems. Recent developments have brought out 
two ash systems which appear to have merit within limitations 
though these limitations have not as yet been fully determined. 
Both systems use heavy chilled pipe as the conducting machinery; 
one employs the pneumatic, or suction, principle and the other a 
steam jet, or ejector, principle. The first has been in commercial 
existence for a number of years but has not had a wide application. 
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The steam jet system is a much more recent development though 
the application has been very marked during the last two or 
three -vears 

Pneumatic System The pneumatic system consists of an 
iir tight tank connected to the intake of a power-driven fan, 
exhaustmg the air from the tank. From the top of the tank the 
ash line itself is led with is few turns as possible, to the floor of 
the bo ler room where it passes in front of the boilers, having 
intikes leading into the pipes in front of each boiler. The ashes 




are raked into the adjacent intake tee and, owing to the vacuum 
set up in the tank and in the line, they are drawn rapidly into 
the tank by the column of air set in motion. The actual power 
consumption per ton of ashes is considerably higher than the 
ordinary mechanical methods of removing ashes. The initial 
cost is comparatively high and it is necessary to keep the fan and 
pil>e line in very good condition, so as not to have a resulting drop 
in the vacuum produced. It is also necessary in this case to inject 
some water into the ash line before entering the tank in order 
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to kill the fire and thus eliminate the liability of explosion due to 
inflammable gases, produced by the combustibles, coming in con- 
tact with hot ashes as they enter the system. 

Steam Jet System. The pipe and fittings employed in the 
steam and jet system are very much the same as employed in the 
pneumatic type, but instead of using an air-ttght tank and a fan 
to produce the vacuum, this is done by steam jets inserted at one 
or more points along the line. The illustration. Fig. 80, shows a 
typical system in which the ashes are raked into the intake tees 
from the ash pits and deposited into a tank outside the boiler room 
for loading into wagons or cars as the case may be. While the 
power consumption per ton of ash removed is very high, the other 
items entering into the cost of ash removal are enough lower to 
make it a paying investment in a great many cases. These items 
are initial cost, including interest on the investment, depreciation^ 
maintenance, and labor. For the same approximate amount of labor 
in drawing the ashes from the pit into the conveyor, the initial cost 
of a steam jet system is a great deal lower than any other type of 
ash removal conveyor, with a corresponding decrease of interest on 
the investment. The depreciation and maintenance are considerably 
smaller than would appear on the face of it. Owing to the recent 
improvements on the grade of metal used and the proper design 
of fittings for economical replacement at the points of concentrated 
wear, the actual maintenance per ton of ashes handled generally 
comes under two cents. These systems are generally made in 6-inch 
and 8-ineh inside diameters and have a capacity of approximately 
3 to 8 tons of ashes per hour. In power plants having an ash pro- 
duction of less than 25 tons per day, one ash system can take care 
of this amount quite satisfactorily. In plants where there is con- 
siderably greater production of ash and particularly those in which 
large clinkers comprise a considerable amount of the total, these sys- 
tems are not particularly applicable. One advantage of the steam jet 
system consists of the dampening effect, due to the condensation 
of the steam itself, which eliminates any tendency for the bin 
to catch on fire. 

In using the steam jet system, the ashes are usually drawn 
into a tank, but in some instances are merely deposited in a pile 
from which they can be removed later. In the latter case the 
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pipe line terminates in a target box which concentrates the pile 
at one point. The problem of dust prevention is also quite an 
important one in connection with this scheme. The steam and 
entrained air naturally carry a good deal of ash dust in suspension, 
but this is frequently taken care* of by the injection of a water 
spray in the line, effectually abating the dust nuisance. When the 
ashes are delivered into a tank, it is possible to eliminate a good 
deal of the dust by a baffle plate and a large vent, but where it is 
necessary to eliminate this entirely, the vent from the tank can 
be washed by a series of spray nozzles, thus taking all the dust 
out together with most of the steam. A great deal of the recent 
success of these systems is due to the proper study of the system 
as to location of steam nozzles in relation particularly to the turns 
and by the proper kind of metal of the greatest wear-resisting 
properties. 

In cold climates steps must be taken to provide for the melt- 
ing of ice forming masses of ash between times when blowings 
to or removals from the collecting bin occur. 
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INTRODUCTION 

Divisions of the Subject. In the volume devoted to Boiler 
Accessories are described the devices which have to do with the 
pressure parts of boilers used in conjunction with steam production. 
In the present paper the allied subjects concerned with the gas side 
of the heating surface will be treated. Naturally, the two divisions 
of the subject are very close as to their influence upon the produc- 
tion of steam, and it is possible that some of the material in either 
paper might, with as good reason, be placed in the other. However, 
it is w^ell to separate the heat-generating part from the heat-absorb- 
ing part of the general subject, with the understanding that a com- 
plete treatment of the subject involves both. It will be recognized 
that in dealing with the subject Boiler Accessories every topic was 
concerned with something tangible. In the present volume the 
matter is less definite, and consequently more difiicult to grasp. 
Again, the performance of a given boiler, so far as heat absorption 
is concerned, is a fairly definite thing and not greatly influenced by 
the manipulation of the pressure parts. The part here taken up is 
largely influenced by the way the facilities are manipulated; and, 
uidess fully understood, there is a good likelihood that the over-all 
performance of the steam-generating equipment may be very unsat- 
isfactory and uneconomical. 

• 

HEAT GENERATION 

BOILER SETTINGS 

Requisites. The setting for a stationary boiler consists of the 
foundation and as much of the furnace and flues as is external to 
the boiler shell. Some internally-fired boilers — the Lancashire, for 
instance — ^have flues only in the brick setting. The whole furnace, 
as is the case with the plain cylindrical boiler, may be within the 
setting. Many vertical boilers have simply a foundation; locomo- 
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tive boilers have no setting; and marine boilers are usually placed 
on saddles which are built into the framing of the vessel. 

In setting a boiler, there are three principal requisites to be 
kept in mind: (1) a stable support or foundation, so arranged as to 
allow for proper expansion of the boiler; (2) properly arranged 
spaces for both furnace and ash pit; and (3) a structure which 
will prevent loss of heat by radiation and air infiltration. 

SUPPORTING STRUCTURES 

Iron Supports. There are two principal methods for support: 
(1) by brackets riveted to the shell plates, and (2) by suspension 
from overhead girders by means of hooks, rings, etc. In any case, 
the supports should be so arranged that each shall bear its proper 
proportion of the load and at the same time allow for expansion. 
If the boiler is short, brackets are generally used, while for long 
boilers the girder method is the more common. If a very long cyl- 
indrical boiler is supported only at each end, the great weight 
between the two supports is likely to cause bending and an exces- 
sive stress on the middle plates, tension in the bottom plates, and 
compression in the top plates. 

Foundation. The first requisite for a setting is a 'good founda- 
tion. If the ground is firm and favorable to a solid foundation, the 
excavation need be only three or four feet below the level. If it is 
soft, the excavation should be deeper, and the extra depth filled in 
with concrete; or, for very heavy work, piles may be driven. 

Usually all of the setting structure below the boiler-room floor 
level is built of concrete. In large installations equipped with 
mechanical stokers, the ash pits are sometimes faced with sheet 
steel so that the ash will slide to its desired place during the periods 
between removals. 

Area of Bed. In determining the area of the bed, the weight 
to be put on each square foot should be estimated carefully. With 
ordinary condition of the soil, this should not exceed 2000 pounds. 
For greater weights, special construction must be used. 

Supporting and Enclosing Walls. The supporting and enclos- 
ing walls are built upon the foundation. The outer walls at the 
sides and rear are sometimes double, the space between — ^usually 
about two inches — being an air-space insulation to prevent loss of 
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heat. Projecting bricks, which extend from the outer wall until 
they just touch the inner wall, allow for expansion without decreas- 
ing the strength of the inner wall. As shown in the side and end 
view of Fig. 1, the side walls are strengthened by buckstays or 
binders, which are kept in place by long bolts, secured by nuts on 
each end. The side view shows the supporting brackets. The 
front brackets rest on iron plates which are built into the walls; the 
rear brackets, being supported by rollers, are free to move as 
the shell expands. If designed for anthracite coal, the distance 
between the shell and the grate bars is about two feet; for volatile 
coals, this distance should be increased. 

Furnace Walls. Externally-Fired Boilers. The furnace is 
lined with jfire brick, both front and sides, including the bridge 
wall; sometimes portions back of the bridge, as well as the bridge 
itself, should thus be protected. The space between the bridge and 
the sheU is from 6 to 14 inches, which brings the hot gases into close 
contact with the boiler before they enter the combustion chamber 
beyond, the rear and side walls being built a little higher than the 
top row of tubes. The fire line must not be carried above the water 
line; if it is, the intense heat is likely to injure the shell plates. Never 
expose any part of the boiler not covered with water to the flames 
from the furnace. The side walls are built about the same height as 
the rear walls. The space at the rear is bridged over and stiffened 
by T-irons or other suitable means. 

The smoke box projects over the front end of the boiler, as 
shown in the side and plan view. Fig 1, and has a rectangular uptake 
containing a damper. 

The front is usually of cast iron, with doors for firing and clean- 
ing, and for access to the tubes. Soot, dirt, etc., are removed 
through the door in the brickwork at the rear. 

The rear end of the boiler should be about two inches lower 
than the front end, so that the sediment and detached scale will tend 
to accumulate near the blow-off opening. 

Internally-Fired Boilers. Internally-fired boilers may also be 
enclosed in brickwork. The setting is a support and covering, 
forming the side flues but not the furnace. Excess of brickwork 
surface in contact with the shell should be avoided, as brickwork 
collects moisture, which causes external corrosion. 
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Water^Tvbe Boilers, The settings of water-tube boilers differ 
from each other in so many ways, and also from the settings of fire- 
tube boilers, that it is not possible to illustrate them with any degree 
of completeness. The reader should consult the trade catalogues of 
the different manufacturers, in which the special features are illus- 
trated. In principle, the settings of water-tube boilers must accom- 
plish the same end that they do for horizontal tubular boilers; that 
is, properly support and enclose the boiler, allowing expansion 
space, and prevent radiation and air infiltration. 

HAND-FIRED FURNACES 

Furnaces and grates should be distinguished from each other 
in that the former are concerned mainly with providing facilities for 
the combustion of gas delivered by or distilled from the fuel on the 
grate, while the latter afford means for bearing fuel and provide 
means for the removal of ash. It is true that the two are not sepa- 
rable, but for purposes of clearness it is best to keep them sepa- 
rately defined. Certain adjuncts, however, are necessary to both for 
their successful operation. The furnace, of course, will vary in 
shape, size, arid detail with the type of boiler and the kind of fuel; 
but certain essentials — such as doors, grate bars, and ash pit — are 
similar in all furnaces. 

Supply of Air. To obtain the maximum efliciency of combus- 
tion, there should be a uniform and abundant supply of air to the 
under side of the grate. This is readily obtained when the boilers 
are externally fired, but may be somewhat restricted when they are 
internally fired. If smoky fuels are used, a moderate supply of air 
is necessary above the surface of the coal to prevent excessive smoke 
formation; but, as the air thus admitted is usually cold, the quantity 
should be small to prevent unnecessary cooling of the furnace. This 
air is generally supplied through a grid in the fire door. 

Prevention of Radiation. Of course all possible radiation 
should be prevented. In the case of internally-fired boilers, this 
radiation is not likely to be excessive, for most of the heat would 
have to pass through the water in the boiler before radiating, and 
it is a comparatively easy matter to encase such a boiler in some 
sort of lagging which will prevent most of the heat from escaping. 
The case is somewhat different with an externally-fired boiler. 
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where the furnace is built in a mass of brickwork below the boiler. 
In such a furnace a considerable amount of heat may radiate directly 
from the fire without coming in contact with the boiler or water 
at all. 

Complete Combustion. To allow for complete combustion, 
there should be a sufficient space between the grate and the boiler. 
In extemally-fired boilers, this space may be approximately three 
feet. If this distance is increased beyond proper limits, some effect 
of the heat will be lost; and if the distance is small, the plates are 
likely to be damaged and complete combustion impaired. In the 
internally-fired boiler, the combustion space is frequently sacrificed 
in order to obtain a large grate area. If the space between the 
grate bars and the boiler is too small to allow complete combustion, 
a combustion chamber must be provided immediately back of the 
bridge, which will permit of the further combustion of the gases. 
The ideal place, of course, for the combustion chamber is immedi- 
ately over the grate. In locomotive boilers, the crown sheet is 
usually four to six feet above the grate; but such a height is mani- 
festly impossible in marine or other internally-fired boilers, and the 
combustion chamber behind the bridge wall, in the Scotch boiler, 
partly compensates for the loss of space immediately over the grate. 

The incandescent fuel and unconsumed gases should not come 
in contact with the cold surfaces of the boiler, if the most efficient 
combustion is desired. This condition is violated in internally-fired 
boilers, where the fire comes directly against metal having water on 
one side of it. If the flame is chilled by contact with cold surfaces 
before the gases are completely burned, a considerable amount of 
smoke is likely to result. 

Dimensions of Grate. The grate should be of such dimensions 
that the fireman may be able to work it efficiently. A grate more 
than six feet long cannot be properly taken care of at the farther 
end; and if the grate is more than four feet wide, two or more fire 
doors should be provided. The height of the grate should be laid 
out with proper reference to the floor, two feet above the floor being 
about right. If the grate is high, it is difficult, if not impossible, to 
tend the fire properly. These conditions are dependent, not so 
much upon the boiler as upon the physical limitations of the fireman, 
and are eliminated by using the mechanical stoker. 
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Fireroom Temperature. To the above conditions may be 
added a suitable temperature in the fireroom. No man can tend a 
fire properly in excessive heat. In stationary work it is not difficult 
to maintain proper conditions in the fireroom; but at sea, where 
the supply of air is necessarily limited to what can come in through 
small openings, it is a different problem. The firing space on board 
ship is small, and the air coming through the ventilating ducts 
usually makes an exceedingly cold spot immediately under the duct 
without producing much effect in other parts of the room. 

Furnace Doors. The furnace door is usually made of cast iron, 
and is supplied with a circular or sliding draft plate or grid, which 
admits air to the top of the fire as needed. It is usually protected 
by a perforated cast-iron baffle plate bolted to the door casting 
inside, with an air space of two or three inches between. This not 
only protects the cast iron of the door from the direct action of the 
flame, but it forms a chamber for the proper distribution of the air 
supply, and also helps to heat it somewhat before reaching the furnace. 

In many of the French torpedo boats, a patent swinging door is 
provided, set on horizontal hinges swinging inward. The door, of 
course, must be held open while the stoker is tending the fire; but 
in case a tube blows out, it prevents the rapid escape of steam into 
the fireroom. This is a matter of much more importance in the 
restricted fireroom commonly found on a vessel than it would be on 
land. Doors of this kind are gradually finding greater favor in land 
practice, especially in those cities where the making of excessive 
smoke is prohibited by ordinance. 

HAND-FIRED GRATES 

Size. The size of grate will depend upon the quantity of coal 
likely to be burned. For ordinary draft, this may be 15 pounds or 
upward per square foot of grate surface per hour; for forced draft, 
40 to 60 pounds; and in some cases as much as 100 pounds per square 
foot of grate surface has been burned. If the grates are long, they 
are usually inclined slightly downwards, say f inch to the foot, 
which is of great assistance in firing and makes it easier to keep fire 
on the farther end of the grate.* 

*The grates have an incline of a few inches, so that the bed of coal will be thicker at the 
rear than at the front; this allows a more even consumption of fuel, as the draft intensity at the 
rear is greater than in front. 
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Grate Bars. The grate bars are always made of east iron. 
The bars are made in various forms, according to the fuel burned 
and the shape of the fire box. For large grates, the bars are made 
singly or in pairs. For smaller grates, they are made in larger 
groups. Grate bars should not be more than three feet in length. 
The length of grate can easily be a multiple of the length of these 
bars. The bars have distance pieces at the ends, and perhaps in 
the middle, to prevent distortion. They are usually 3 inches or 
more in depth at the middle, tapering to perhaps an inch or two at 
the ends; and the cross section is slightly tapered from top to bot- 




Fig. 2. Types of Grates for Boilers. V, Circular Grate for Vertical Boiler; M, Grate for 
Sawdust and Shavings; A', Herringbone Grate; O, Group of Grate Bar? 

of Ordinary Form 



tom, so that the pattern can easily be withdrawn from the sand 
after casting. They are usually made a trifle shorter than the place 
into which they fit, to allow for expansion, 2 per cent of the length 
of the bar usually being sufficient for this purpose. The air spaces 
between the bars are usuallv about one-half inch in width. For 
burning pea coal or screenings, narrower air spaces must be used. 
For anthracite coal, the space may be a little larger. Bituminous 
coal, which readily cakes, can haxe considerable space between the 
bars — and this, indeed, is essential for a proper supply of air. 

In Fig. 2, V shows a circular grate, such as is placed in a vertical 
boiler. M s^ *.vle of grate bar used in burning sawdust or 
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shavings; N is what is known as tlie herringbone grate; and ia a 
gioup of bars of the ordinary form. 

Grates have been made of hollow bars, through which water is 

caused to circulate. By this method their durability is increased. 

This type of grate, however, is expensive. 




Rocking Grates. The labor of breaking the clinkers is con- 
siderable when the ordinary fixed grate bars are used, and, to econo- 
mize this labor, various forms of rocking grates or shaking grates 




OHO^' 




( been devised. In locomotives, rocking grates are essential; 
and, since the rate of combustion is high, the fire must always be 
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[kept in good condition; ami the grate, being below the cab t 
cannot easily be reached. 




Types. Fig. 3 shows the Kelley Standard rocking grate. Eafh | 
bar 1:1 made up of a number of separate leaves, wfiich can lie removed J 




and replaced without renewing the whole bar. When the bar is J 
moved back and forth by means of a lever outside the brickwork,,! 
the leaves oscillate through a small angle and break up the clinkers,, j 




j^^ An( 

^^^^lactoiy. 



Another form of bar, shown in Fig. 4, has proved very b 
A and B are two bars, the ends of which are of c 
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depths. These rest at each end on a crankshaft C. As this is 
oscillated by the lever G, the alternate bars move up and down, and 
the clinJters are shaken out. 

Still another example of rocking grate is shown in Fig. 5. In 
this grate the rocking and stationary bars alternate; when the 
rockittg lever is removed from its socket, the grate must be in its 
neutral position, thus insuring against burning off grate fingers. It 
is known as the Twentieth Century rocking grate. 




Dumpily Devices. Opinions differ as to whether or not the 
grate should have a dumping feature. Consequently, there are all 
types in the complete list — ^those going to extremes in providing 
dumping facilities; and those having shaking grates which, instead 
of dumping, depend upon frequent shaking to remove the ash before 
it has time to fuse into clinker. Figs. 6 and 7 illustrate the Martin 
grate, clearly showing that the lift of the grate can only be very small. 

Forced-Draft Arrangement. For the burning of some kinds of 
fuel, and sometimes for the more rapid burning of fuel, forced-draft 
equipment is provided with hand-fired grates. Such an arrange- 
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fmcnt is illustrateri in Fig. 8, whifh \s known as tli 
furnace. The air is delivered beneath the grate under pressure and is 
discharged through slots in the bars, Fig. 9, which bear the fuel. The 
slots are cast at a slant, so that the air does not blow vertically; 
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while the bars are set close together and a, seal of cement is placed, 
between adj'i)imng pairs, so that the air is forced to pass through 
the slots instead of between the bars. There are many forms of 
hand-fired grates in use applying the principle of forced draft, but 
the one shown is tjpical of all except for the grate-bar details. 

FIRING BY HAND 

Starting tlie Fire. The fireman should first ascertain the water 
level. As the gage glass is not alwajs reliable, on account of impur- 
ities, foam, etc., the gage cocks should be tried. In a battery erf 
boilers, the gage cocks of each should be opened, for the water may 
not stand at the same le'vel in each. The safety valve should be 
raised slightly from its seat. If the fire has been banked over night, 
open the dampers, and remove the ashes and clinkers from the' 
grate. In case the fire has been allowed to go out, a new one may 
started if the gage glass shows the proper amount of water and 
valves work well. 

If anthracite coal is used, first throw a thin layer of coal all oi 
the grate, then place a piece of wood across the mouth of the furni 
just inside the door and lay other pieces of wood at right angles tttj 
the croBspiece with the ends resting on it. Tliis allows a space 
le wood for air. ^jjfty throw on coal until the wood is covi 
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The fire may be started with oily cotton waste, shavings, or any 
combustible material. 

Keep the furnace door open and the damper almost closed until 
the wood is burning freely, which causes the flame to pass over and 
through the coal and to ignite it. The fire is then spread or pushed 
back evenly over the furnace bars; the furnace door is closed, and 
the ash-pit door opened; more coal is added when necessary. If 
bituminous coal is used the same process is serviceable. 

The fire at the start should be slow, to cause gradual, uniform 
heating of the water and various parts of the boiler. If steam is 
raised too rapidly, enormous stresses are set up, due to unequal 
expansion, thereby causing leakage at seams, and perhaps rupture. 

If the boiler isof the water-tube type, steam may be raised more 
rapidly, because the amount of water is less and the seams are 
usually placed at some distance from the intense heat of the fire. 

Methods of Adding Fuel, The fire being started, the method 
of adding coal depends upon the fireman, the kind of coal, the type 
of boiler, and the rate of combustion. There are three general 
methods of firing — spreading, alternate or side firing, and coking. 

Spreading. Spreading is accomplished by placing small quan- 
tities of coal uniformly over the entire surface of the grate at short 
intervals. By this method, the coal is thrown just where it is wanted 
and then not disturbed. Good results are obtained from this method, 
since the fire can be kept in the right condition at all times, if 
the coal is of the right sort. During the operation of firing, the door 
should be kept open as little as possible, or the fire will be cooled by 
the entrance of cold air. For a short time, while the coal is giving 
off gas, the draft plate of the furnace door should be opened, in order 
that suflBcient air may be admitted above the coal to burn the gas. 
The spreading method is especially effective for high rates of com- 
bustion. 

AUemate or Side Firing. \Vhen the alternate or side-firing 
method is used, coal is spread so as to cover one side of the fire com- 
pletely at one firing, leaving the other side bright. At the next 
firing, the bright side is covered. The gases given off by the fresh 
coal are assisted in burning by the hot gases coming from the incan- 
descent coal. This method is superior to spreading, because the 
entire furnace is not cooled off by the addition of fresh fuel. 
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Side firing is very advantageous when two furnaces lead to a 
common combustion chamber. The furnaces are fired at regular 
intervals with moderate charges of coal, and the draft plates in the 
firing doors are opened while the coal is giving off gas. 

The two systems described above are also adapted to anthracite 
coal, since it burns with comparatively little smoke. 

Coking. With semibituminous coal, which is volatile and bums 
with considerable smoke, the coking method is used. The coal is 
piled on the grate just inside the door, and allowed to coke from 15 
to 30 minutes. During this time, the hydrocarbons are driven oflf 
and burned while passing over the more intense fuel bed behind. 
In order to accomplish this fully, air must be admitted in small 
quantities above the grate through the draft plates of the furnace 
doors. The coke ia next pushed backward over the fire, and a new 
supply placed on the front of the grate. It is very important that 
the air admitted over the fire be enough but not excessive, for, in 
the latter case, economy is reduced, the furnace cools somewhat, 
and the rate of evaporation is reduced. This last objection is not 
serious unless the boiler must be worked to its maximum capacity 
in order to furnish the required amount of steam. The available 
draft over the fire is the main factor determining the rate at which 
a given fuel can be burned, while the temperature of the furnace 
above the grate also has an influence. 

Thickness of Fuel Bed, The thickness of the fuel bed can be 
determined only by experiment. As a general thing, the thickness 
is changed according to the steam requirements, for the rate of 
combustion is large or small as the amount of air passing through 
the grate and fuel bed is large or small. By thickening the fuel bed, 
and consequently the fuel-bed resistance, the amount of air is 
reduced, and vice versa. The economical thickness at which to burn 
fuel is an entirely different matter than the amount which can be 
burned. In general, speaking of bituminous and semibituminous 
coals only, the better coking coals are best burned with thick fires 
and the free-burning no^^ «-i'ing coals with thin fires. A fire fifteen 
inches thick is cons' right for a good coking coal, while 

a fijre five inches t rht for a free-burning bituminous 

coal. Should the i, using a desirable thickness of 

fuel bed, b' ^f the desired amount of steam, 
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the grate area should be changed so that both conditions are approx- 
imately right. The secret of success in the burning of fuel is one 
concerned almost altogether with the selection of a proper grate 
area within the possibilities presented by the available draft over 
the fire for the fuel to be burned. 

After finding from experiment the best thickness for the bed, 
keep it at that thickness. Always keep the bed of uniform thick- 
ness, and never let the fire burn holes in the bed, and do not let 
the rear of the grate become bare. If a larger amount of steam is 
required, fire smaller quantities at more frequent intervals. Do not 
fire a large amount of coal, and then wait for the pressure to rise. 
The firing of fresh coal chills the furnace and temporarily retards 
combustion. The coal should be fired in small quantities and as 
quickly as possible. Keep the fire free from ashes and clinkers, 
but do not clean the fires oftener than is necessary. 

Cleaning the Fire, Tools. Four tools are used for cleaning 
the fire — ^the slice bar, the prick bar, the clinker hook — sometimes 
called the devil's claw — and the hoe or rake. 

The slice bar is a long, straight bar, with the end flattened. It 
is used to break up clinkers by thrusting it between the grate and the 
fire. It is also used to break up caking coal. The prick bar is 
similar to the slice bar, except that the end is bent at right angles 
like a hook. To remove ashes, the prick bar is run along from 
underneath up between the grate bars. This bar is often made 
ivith detachable hook, so that the end may be replaced when burned 
oflf. The clinker hook, or devil's claw, is used to haid the fire for- 
ward. The hoe, or rake, is used to draw out cinders, to haid the 
fire forward, to level the fuel bed, etc. 

Cleaning Methods. In cleaning the fire, the fireman first looks 
to the water and steam. There should be enough water and suffi- 
cient steam pressure to last during cleaning. Then he breaks up 
the clinkers with the slice bar, and removes the ashes with the prick 
bar. If necessary, he pushes the fire to the rear, thoroughly cleans 
the front of the grate bars, and then hauls it forward and cleans the 
back of the furnace bars. Some firemen clean one side at a time, 
instead of first the front and then the rear. The fire shoidd be 
allowed to burn down before cleaning, but suflScient fuel should be 
left to start the fire quickly. Before cleaning, partly close the dampers, 
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so that the amount of cold air admitted will be small. For this 
reason, and to prevent loss of pressure, clean as rapidly as possible. 

When the demand for steam requires the most that can be made 
at all times, and more than one boiler is in service, one portion 
of the grate of one boiler is cleaned first; a similar portion of the 
adjoining grate next; and so on down the whole line before return- 
ing to the first fire to finish. Skill is required in carrying out such 
a program. 

Banking the Fire. Banking the fire depends upon the condition 
of the fire, the fireman himself, and the length of time it is to remain 
banked. First clean the fire and place all the coal in a small space 
at the bridge; then cover it with fresh coal to a depth depending 
on the length of time the fire is to remain banked. Then ahnost 
close the dampers and open the firing doors slightly. Some fire- 
men cover the front of the grate bars with ashes. 

To start from a banked fire, first examine the condition of the 
water level, steam pressure, safety valves, etc. Then clean the fire 
with the slice bar and shake the ashes down with the prick bar. 
After spreading the live coal evenly over the grate, cover with a 
thin layer of green coal and open the dampers. 

SPECIAL HAND-FIRED FURNACES 

There are a great many forms of settings for stationary boilers 
different from the standards manufactured by the boiler builders, 
and only a few can be touched upon here. From a plain hand-fired 
setting — ^where no special provisions for combustion are made — ^to 
the most elaborate mechanical stokers, there is an endless variety 
of furnaces. 

Horizontal Tubular Boilers. For horizontal tubular boilers it is 
usual to retain hand firing because the size of the unit is not large 
enough to justify the use of a more efficient, and possibly more 
complicated, firing arrangement. The men who are hired to operate 
horizontal tubular boilers are frequently not as well informed and 
as capable as those who operate larger units; and this has something 
to do with the matter also. 

Steam Jets, Fire-Brick Arches, etc. Where the attempt is made 
to improve the combustion conditions under horizontal tubular 
boilers, the first thought is usually to supply steam jets, either 



manually or automatically operated; fire-brick arches and piers are 
next added and, when further progress is wanted, one of the special 
furnaces described later may be adopted. In principle, ttie advan- 
tages of the several forms of fire-brick furnace constructions are 
identical. They all aim to provi<Ie a chamber in which the mixture 
of unburned gas with air can be carried on for a sufBeient length of 
time to permit the complete combustion of the gas evolved from the 




fuel bed. During the time the combustion process is taking place, 
it is aimed to prevent contact between partly burned gaa and the 
boiler-heating surface lest the temperature of the burning gas be 
reduced to a point not favorable to combustion. 

Se mi-Automatic Furnaces. In order to overcome to some 
degree the human operating element hi firing, furnac'e constructions 
are sold which are more or less independent of the manner in which 
the fireman supplies the coal or other fuel to the chamber or hopper 
leading to the furnace or grate. 
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D owvrDraft f wmace^- 
Iq order to increase econom..^' 
and capacity, or to prevem-"* 
smoke, a down-draft fumac^^ 
13 sometimes used. In thi.^ 
type of furnace, there are twcJ^ 
grates, one a foot or mor^ 
above the other. Fresh coal 
IS fed to the upper grate, 
and , as it becomes partly con- 
sumed, falls through to the 
grate below, where the com- 
bustion is continued. The 
draft is downward through 
the upper grate, and upward 
through the lower, because 
the connection to the chim- 
ney is from the space between 
thegrates. The volatile gases 
are carried down through the 
bed on the upper grate, and 
are burned in the space below 
it, where they meet the hot 
air drawn upward from the 
lower grate. Most of the air 
for combustion enters the 
door at the upper grate. 

In the furnace made by 
the Hawley Down-Draft 
Boiler Company, the grates 
are formed of a series of water 
tubes opening at the ends 
into steel drums, which are 
connected with the boiler. 
Fig. 10 shows this furnace 
attadied to a horizontal 
tubular boiler. It may be 
applied to both tubular and" 
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water-tube boilers with 
good results. It is claimed 
that this attachment insures 
complete combustion, small 
amount of ashes on account 
of the second grate, good 
water circulation, and in- 
creased economy, 

Gramty Feed Furnaces. 
The diflGeulty in getting 
firemen to carry out good 
firing methods has brought 
about the construction of a 
class of furnaces into which 
the fuel is charged by grav- 
ity. The Burke gravity 
feed furnace is illustrated in 
Fig. 11, which shows this 
I furnace applied to a hori- 
*■ zontal tubular boiler. The 
I fuel is placed upon the 
■J furnace arch and allowed to 
I enter the furnace by running 
g down through the holes or 
"pockets" on each side of 
the grate. By keeping the 
hopper (not shown in the 
illustration) filled as the fuel 
burns away in the furnace, 
additional new fuel finds its 
way into the furnace. 

In Fig. 12 is shown the 
same furnace applied to a 
Scotch boiler. This is par- 
ticularly effective as it tends 
to overcome some of the 
inherent defects of an in- 
ternally-fired Scotch. boiUs. 
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Oil-Burning Furnaces. Requirements. In some localities oil is 
the fuel most readily available, and since, even in a crude state, it 
has a heat value somewhat above that of a like weight of coal, it is 
quite essential to make provisions for its use. In general, the oil is 
sprayed into the furnace chamber by special means described here- 
after. Of great importance, however, is the matter of the chamber 
in which the oil is burned. It is especially necessary to provide a 
chamber sufficiently large so that the flame may reach its natural 
limits without encountering boiler-heating surface. 

Advantages. Oil has many advantages as a boiler fuel. It is 
clean, gives a uniform heat, is economical, and requires much less 
attention than coal. There are no ashes to handle, and one man 
can easily tend two or three times as many furnaces as he could if 
burning coal. The fire can be started and stopped instantly; and 
the supply of air can be so regulated that, unless burners and com- 
bustion chamber are overtaxed, there will be almost no smoke. 
Method of Action, Oil fuel is fed into the furnace through a 
sprayer formed, in some cases, of two concentric conical tubes. 
Compressed air or steam entering through the one tube draws the 

oil through the other, on the 
principle of the atomizer, and 
throws it into the furnace in 
a fine spray. For marine 
work, compressed air should 
be used, as the loss of steam 
for this purpose would be a 
matter of considerable conse- 
quence. Steam, however, is 
sometimes used in marine 
work, in which case the vessel 
must be equipped with an 
evaporator to make up the 
steam thus lost. On land, where fresh water is plentiful, steam is 
usually preferred and is less expensive than air. 

Types of Sprayers, Several types of atomizers are shown in 
Fig. 13. The use of the oil as a fuel can be readily controlled by the 
simple manipulation of a valve; and if the fire is once regulated to 
produce the required heat, it can be kept at that point with very 
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C - Chamber Burner 
Fig. 13. Types of Atomizers for Liquid Fuel 
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little care. The fire can be started with sHght trouble, and can be 
extinguished instantly. The evaporative capacity of oil is much 
greater than that of coal; and on the Pacific Coast, where oil can be 
readily obtained, it is a much more economical fuel. If burned 
properly, without too heavy an air blast, there should be no pro- 
duction of smoke. A considerable saving may be effected in the 
fireroom force, one man being able to operate several burners. There 
is, of course, danger from explosion, on account of the vapor which 
rises from the fuel; but if the fuel tank is thoroughly ventilated, there 
should be little danger from this source. 

Oil fuel may be used to advantage in what is called mixed firing; 
that is, the oil may be sprayed on to the bed of burning coal. This 
has been condemned by many engineers, but it has nevertheless 
gained considerable headway and, under proper conditions, has given 
satisfactory results. It is beyond the scope of this work to go 
minutely into the subject of oil fuel; but for further information the 
student is referred to the reports of the Oil Fuel Boards of the United 
States Navy and of the British Admiralty. 

MECHANICAL STOKERS 

Function. A mechanical stoker is a device having two func- 
tions; namely, to introduce fuel into a furnace, and to remove the 
resulting refuse. If the stoker introduces the fuel at a uniform rate, 
and removes the refuse at the rate at which it is formed, without 
manual assistance, it accomplishes every possible service that can 
be expected of it. The facilities which must be provided in addition 
for the combustion of the gases rising from the fuel bed are properly 
known as furnaces. It is true, however, that some forms of stokers 
lend themselves by their construction and shape to good furnace 
construction, while others do not. This feature of the subject will 
become clearer when the several forms of stokers are described. 

Classification. There are five principal types of mechanical 
stokers. They are: 

(1) Mechanical fuel spreaders or firemen 

(2) Traveling grates 

(3) Inclined grates 

(4) Underfeed stokers 

(5) Combinations of the above 

The devices of the first group accomplish little beyond that performed 
by a careful fireman except that the fuel may be more uniformly charged. 
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though it is Hkely that the fuel be<l may not be so evenly cliargt 
a competent fireman. This class of stoker fails to remove the ash-l 
and refuse from the grate, and in this particular is quite deficient. ] 
All of the other types mentioned aim to introduce the fuel ] 
steadily by bringing it into the hottest zones of the furnace at a I 
uniform rate. The result is that the volatile gases are driven from 
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the fuel at a nearly uniform rate, and consequently the furnace can 
be constructed of such a shape and size as to provide an adequate 
chamber in which to facilitate combustion. 

Fuel Used Determines Type of Stoker. The character of fuel 
burned should determine the kind of stoker selected, as some forms 
are very efficient with one grade of fuel and wholly inefficient with 
other grades. The leading coal characteristic needing consideration 
is its ability to coke or cake, which, of course, is largely influenced 
by the percentage of refuse, and its kind, in the natural fuel. To 
illustrate the point just made, attention need only be called to the 
fact that a traveling grate without special facilities for handling 
coked fuel is not at all successfully used with the high-grade coking ■ 
coals mined in Virginia and Pennsylvania. This type of stoker is 
especially adapted for use with the free-burning, highly volatile coals 
jbund in Illinois and Iowa. On the other hand, some types of stokers 
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require, for their successful use, the coal to have caking qualities. As 
an example, the Murphy double-inclined grate may be mentioned. 

Traveling Qrate Stokers. Among the various makes of travel- 
ing grates, probably the best known are the Babcock and Wilcox, 
the Green, the Playford, the La Clede, and the Illinois. These all 
operate on the same principle, differing only in details of construction. 

The Babcock and Wilcox chain grate which is typical of the 
rest. Fig. 14, consists of an endless chain of short grate bars or links 
moving over sprocket wheels at the front and rear end. These 
sprocket wheels are driven by a mechanism consisting of a gear 
train actuated by pawls and a ratchet, the arms carrying the latter 
being given a reciprocating motion by a rod and eccentric mounted 
on a shaft. This shaft may be operated by any- type of motor or 
engine, and the speed of the grate is regulated by varying the stroke 
of the arm carrying the pawls. The fuel is fed to the traveling grate 
through a hopper, which extends the full width of the grate and is 
moimted on the front end of the frame. The depth of the layer is 
regulated by a gate in the hopper, which can be raised or lowered. 
The coal is ignited at the front end and carried slowly toward the rear, 
the speed of the grate and the thickness of the fire being so regulated 
that the fuel shall be completely burned by the time it reaches the 
back end, nothing but ashes being discharged into the pit. A flat fire- 
brick arch in the front end aids combustion by igniting the fresh fuel 
as it enters and keeping up the temperature of the burning volatile 
gases. The entire hopper, grate, and driving mechanism are mounted 
on a truck running on rails and thus may be withdrawn from 
beneath the boiler when repairs to grate or furnace are necessary. 

Inclined Qrate Stokers. Front Feed. Some of the types of 
this form of stoker are the Roney, Wilkinson, and Acme. The 
Roney stoker, Fig. 15, consists of a hopper for receiving the coal, 
a set of rocking stepped grates inclined at an angle from the hori- 
zontal, and a dumping grate at the bottom of the incline for receiv- 
ing and discharging ash and clinkers. This grate is divided into 
several sections for convenience in handling. The coal is fed to the 
inclined grates from the hopper by a reciprocating pusher. The 
grate bars rock through an angle of 30 degrees, assuming alternately 
the stepped and inclined position. These also receive their motion 
from the agitator, which receives its motion from an eccentric on a 
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shaft attached to the stoker front uiitliT thi: hopper. The range o 
motion of the pusher is regulatetl by the tevd wheel and the range o 
motion of the grate bars is regulated by the position of the nuts o 
the connecting rod, Eaeh grate bar consists of two parts: the I 
vertical web carrying triuniions at eac4i end ; and the horizontal part, 
or fuel plate, which is detachable. A flat fire-brick arch is sprung ] 
across the front of the furnace. This ignites tlie fresh fuel as it I 
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enters and aids in keeping up the temperature of tlie ^'olatile gases 
until they are burned. 

The Wilkinson stoker, Fig. l(i, consists of a hopper, a set of| 
inclined grate bars having every other bar movable, and the operat- 
ing mechanism. When in operation there is a constant sawing 
action of the grate bars, causing the fuel to be fed forward contintH 
ously. The grate bars are hollow and have a succession of stepa 
cast on them throughout their length. Through the rise of each 
;p is an opening of about ^ Inch by 3 inches. A small steam jet 
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with about I'a-inch opening is introduced into the end of eaeh grate 
bar, and this indures an air supply through the openings in the 
steps. The motor for operating these stokers may be either steam 
or electric and is attached to the front of the stoker. 

Side Feed. The best known stokers of this type are the Mur- 
phy, the Detroit, and the Model. The Murphy stoker, Figs. 17 
and bS, consists of two hoppers, or magazines, one on eacb side of 




the furnace, two sets of grates inetined downward from the sides (rf- 
the furnace, and the operating mechanism. Coal is introduced into'; 
the hopper and falls upon the coking plate. Fig. 17. Here the 
reciprocating pushers feed the coal out upon the inclined grate bars.. 
Alternate grate bars are movable and pivoted at the upper ends. 
The lower ends are caused to move up and down by a rocker shaft, 
thus causing the required forward feeding of the coal. A devicci) 
k Fig. 18, consisting of a hollow bar provided with teeth, is placed 

I 
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^le lower ends of the grates, and serves to grind up clinkers and ash. 
Air is supplied through flues passing under the coking plate, and 
the speed of the grate bars and pusher is regulated to suit the desired 
rate of combustion. A small motor or engine operates the driving 
mechanism of the stoker. 

Underfeed Stokers. Among the various stokers of this class 
will be found the Jones, the American, the Taylor, the Riley, and 
the Westinghouse. 

Jones Type. The Jones stoker, shown in Fig. 19, consists of 
a steam-actuated ram and a hopper outside of the furnace and 
a retort or fuel magazine and auxiliary ram or puwher rod witliin. 
Fuel is forced underneath the fire by the ram and its auxiliary, 




a';d this forces the incandescent fuel and ash back and up over the 
sides of the retort upon the dead plates. As there is no ash pit, 
the ashes are raked from the dead plate by hand. Air supplied 
by a blower is arlmitted through openings in heavy cast-iron 
tuyfire blocks placed on either side of the retort. These are at a 
point above the green fuel in the retort but below the fire, and the 
air moving upward keeps the retort cool, 

A7nerican. Type. The American Underfeed Stoker is illustrated 
in the two sections given by Figs. 20 and 21. Its principle of fuel 
i:itroduction is practically identical with the Jones, just described. 
The device differs from the Jones in that side grates are added both 
for the further supply of air, and consequent greater range of com- 
bustion, and in the facilities for the removal of refuse by means of 
dumping grates on tite sides of the grate. In both of these particu- 
lars the American comes more nearly fulfilling the functions of a 
stoker than a retort stoker requiring cleaning by hand altogether. 
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In this Btoker the attempt is also made to mtroduce preheated 
air by taking air which has previously passal through the grate 
bars as the supply for the grates bordenng the retort 




Inclined Underfeed Type The principle of underfeeding has 
for many years been recognized as excellent, but the difficulties 




ion Ntu Yerk City 

encountered when removing the ash and refuse have made its appli- 
cation less attractive than would otherwise obtain. To overcome 
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tliese difficulties and others of a similar nature, the gravity under- 
Ired stoker has been evolved. There are three principal makes: the 
Taj-loFj which was the pioneer of the type; the West ingho use ; and 
the Riley. Alt of them use the underfeed scheme and forced draft, 




but their details of construction are in many particulars essentially 
different. This type has, in recent years, been given wide appli- 
cation in plants, especially where steam demands are large enough 
to warrant the emphy-ment of techTiica\ knowXei^p a.\\\ '^^, 
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ITajlor I'nderfeecl Stoker. In Fig. 22 is illustrated the Taylor 
type of stoker applit^l to a lioriznntal wiitcr-tiihe boiler, the view 




being Uikeii through one retort so as to show the manner of feed- 
ing coal by the upper reciprocating cylindrical plunger, its enforced j 
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movement to the lower portion of the grate by means of a second 

plunger, the location of the wind box, and the path taken by the 

air under pressure to and through the tuyeres. The width of 

the furnace space is made up of retorts spaced about 22 

inches apart, each being served with a complete plunger system. 

The expectation is that by the time the fuel has moved to the 

dumping plate, practically all of it that is combustible has been 

consumed, thus permitting its removal into the ash pit without 

appreciable fuel wastage. The illustration represents one of the 

earlier applications of the gravity underfeed idea not complicated 

by refinements to meet the requirements of all grades of bituminous 

fuels. Modifications take the form of plunger extensions, greater 

retort lengths, and better refuse dumping facilities. The ash pit 

construction, Fig. 22, would not be considered good practice, 

being wholly inadequate according to modern requirements. 

Westinghouse Underfeed Stoker. Like other stokers of the 
underfeed type, the Westinghouse, shown applied to a horizontal 
water-tube boiler in Fig. 23, is made up of a series of retorts, each 
retort consisting of a fuel trough and two parallel tuyere boxes. 
Cylindrical rams push the new fuel into the furnace beneath a bed 
of incandescent fuel. By means of an adjustable feeding motion of 
secondary rams the travel of the fuel toward the rear of the fur- 
nace is continued, finally passing out over the rearmost grate 
section which acts as an overfeed with incandescent coke as the 
fuel. In this stoker the dumping section becomes active grate area 
by reason of air supply. The air-regulating facilities constitute 
one of its distinctive features, making possible the adjustment of 
the supply as desired at the several grate zones independent of 
and without impairment to the air supply of other zones. 

This stoker is manufactured with a variety of dumping grates 
and lengths so as to permit selection to meet variations in fuel 
behavior as encountered in the several fuel districts of the country. 
Riley Underfeed Stoker. In Figs. 24 and 25 are shown views 
of the Riley stoker mechanism, which, like others of its class, 
consists of multiple retorts placed side by side. Its distinctive 
feature is that the reciprocating retort sides move relative to 
the retort bottoms. This feature provides a means for flooding 
the coal over the grates and also for carrying \t Ao^nw \ja^^\^ '^'^ 
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I fOif ftl liar furnace chambrr. At the ends 
PVMtewl Kntc Iwn extONJ ncmsn the width c^ the 
(Myond thaie an rodter dump pUte^ which are cuntinuou^ 
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HtfltttttHl, HuiH hrfiikiii^ up cnkfHl refuse. Unlike other underfeed 
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that a change in the rate of feeding the former is accompanied by 
a corresponding change in the latter. This stoker is capable of 
change in construction details to meet the requirements of varia- 
tions appearing in different grades of bituminous coals. 

MANIPULATION OF SPECIAL FURNACES AND^ 
MECHANICAL STOKERS 

Assumptions. In the material which follows it is presumed 
that the important conditions requisite for the use of mechanical 
contrivances for feeding fuel and removing refuse have been 
properly provided, namely, good draft, correct furnace construc- 
tion, and accessibility for suitable inspection and operation. In 
some instances it is also presumed that certain indicating instru- 
ments are provided, such as draft [gages, without which the par- 
ticular contrivances in question cannot be effectively manipulated. 
It is likewise expected that the operators have sufficient knowledge 
of boiler room practice to be able to understand the elementary 
methods employed in connection with the contrivances given into 
their charge and that the plant design is such as to represent 
good judgment, taking into account the character of labor avail- 
able, the size of the units, and the total rated capacity of the 
plant as a whole. It is impossible in an article of this scope to 
consider all the details to be observed in every contingency, but 
the aim is to supply the fundamentals which must be observed to 
gain success. 

General Features of Fuel Burning, The reader can gain the 
best and quickest grasp of the subject by learning a few but all- 
important facts respecting combustion, which are universally 
applicable whether dealing with hand firing or mechanical firing 
according to the several systems previously described. Stated 
briefly these facts are as follows: 

(1) Only such air as enters into Ihe combustion process is 
useful; any other air, wherever admitted, acts as a diluent, tends 
to lower temperatures and thus decreases the range of temperature 
through which the heat absorber (boiler) may act, and provides a 
larger vehicle for carrying away as waste the heat rejected into 
the chimney. 

(2) It follows from item (1) that the less the amount of air 
employed in the combustion process without impavtvw^ iVvfe ^<^\svr 
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pleteness of the process, the higher the resulting initial temperature 
and the larger the probable percentage of heat absorbed. 

(3) The rate at which fuel will burn is dependent solely upon 
the amount of air which passes through the fuel bed, other con- 
ditions remaining the same. Difference in the draft above and 
below the fuel bed, combined with fuel-bed resistance, fixes the 
rate at which the fuel will liberate gases, furnace temperature 
remaining the same. 

(4) A uniform rate of fuel feeding and, corresponding uni- 
formity of refuse removal afford the best opportunity for complete- 
ness of combustion with a minimum air supply for a given furnace 
space and shape. 

(5) It is not possible to burn fuel with an air supply closely 
approximating the amount theoretically required for complete 
combustion without encountering incomplete combustion because 
the chemical avidity of carbon (the main combustible constituent 
of coal) for oxygen (the combustion agent in air) is not sufficiently 
great to cause these elements to seek each other out when widely 
separated. Furnace constructions imposing mixing action tend to 
reduce the quantity of needed excess air and are serviceable unless 
available draft above the fuel bed is impaired by their use. 

(6) Moisture is not a combustible material. It may be 
useful, in some instances, in retarding the rate of combustion, thus 
compelling a more uniform distillation of volatile gases, or in 
holding coal particles in mechanical union, thus preventing sifting 
through grates, as is sometimes important with traveling chain 
grates. The use of extra or added moisture is usually attended 
with loss. 

(7) Clinkers are the result of fusion of ash or refuse. Any 
cause that places refuse into zones of a higher temperature than 
that of fusion will cause clinkers. Disturbances to natural fuel 
beds by the use of slice bars, etc., puddling refuse with burning 
fuel will cause clinkers where they might otherwise be avoided. 
Where it is not possible to obtain a satisfactory rate of burning 
without resorting to much slicing, the furnace most probably is 
operating under deficient draft. 

(8) High furnace temperatures without correspondingly high 
rates of combustion are due to ''bottled-up'' furnace conditions 
caused by too slow gas movement from the furnace because either 
there is too little draft to carry the gases out of the furnace or the 
fuel bed resistance is too great to allow the air to pass through 
the fuel bed in sufficient quantities. 

It will thus be seen that air — its manner and rate of supply — 
is the one item of importance in addition to the fuel itself that 
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determines the capacity and the economy of performance in com- 
bustion processes. Let the student apply to his problem the 
thought that the expensive article employed is air and that the 
fuel is merely incidental to the use of it and he will gain a valu- 
able point of view. 

Gravity Furnaces 

General Instructions. When operating at capacities near or 
above /uU load the center and side ash-pit doors should be wide 
open, permitting the free access of air to both the side grates and 
the center grates. Under light load conditions, which might permit 
the center grates to be bare of fire or large holes to be present 
in the center grates, the most economical way to run is to close 
the center ash-pit doors to keep the cold air from going through the 
center grates. If the furnace under these conditions still causes 
too much steam to be made, regulate the air supply entering by 
means of the side ash-pit doors by partially closing them. When 
the load is so light that the entire grate is not required, success 
is sometimes obtained by closing off one whole side, doing all 
the firing through the coal pockets on the other side. 

When burning a high volatile coal the center ash-pit doors 
should be left open a minute or two when poking the coal down 
the pockets, in order to admit an extra supply of air. through the 
center grates. 

Siftings which fall through the side grates should be placed 
with other new coal; this is good fuel and need not be wasted. 

Mechanical Fuel Spreaders. If it is known how to fire the 
available fuel on a hand-fired grate, then nothing further need be 
said here, as mechanical fuel spreaders at their best can only 
duplicate hand firing. The difficulties that arise with this class of 
equipment are due to the fact that those in charge assume that 
because the coal is fed mechanically, it is necessarily fed correctly, 
and mistakes in firing which would not be permitted in hand firing 
are allowed to go unchecked when made by the machine. Nothing 
could be farther from good judgment. If the character of fuel 
when fired by hand demands a fuel thickness, say, of 7 inches 
uniformly distributed over the grate, the mechanical fuel spreader 
should be adjusted to perform the same service, lu a \\kfe \^*d.VL\vvi:^ 
all other features need to be looked after. 
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Traveling Qrates 

General Instructions. The first principle of firing coal on 
traveling grates is that the fuel bed must not be disturbed by 
hand manipulation. If the fire is not burning properly, recourse 
should be taken to the adjustable features of the installation 
which are: dampers, grate speed, and feed-grate height. The sole 
guide in judging of fire conditions by eye inspection is whether 
the entire grate surface from the feed gate back to the bridge wall 
is covered with active fuel. If the fuel fails to ignite quickly at 
the feed gate, the ignition may be improved by draft regulation 
or by altering the gate height. If the fire does not extend to the 
bridge, a needless excess of air is admitted to the furnace unless 
special dampering devices make a corresponding reduction of grate 
possible. If the fuel passes over the inner end of the grate 
unburned the ash pit losses become excessive. 

Thickness of Feed. Fire thickness at the feed gate may vary 
from 3 to 7J inches, but for a given mechanical condition of coal 
and chemical composition a definite thickness within this range 
will be found by experiment to be satisfactory, after which deter- 
mination the variables are reduced to damper and grate speed 
manipulation. Manifestly, the available draft in the furnace 
chamber influences the thickness of fire that may be employed, 
the greater the draft intensity the thicker the fuel bed. The rate 
at which the air passes through determines the rate at which the 
fuel will burn; consequently, a thick fire, with a given draft, tends 
to reduce the rate of combustion. 

The coarser the coal the thicker should be the fuel bed and 
the slower the speed of grate for a given capacity. As to grate 
speeds, the only guide is to run the grate just fast enough to keep 
the active coal right up to the bridge wall but not fast enough to 
allow unburned coal to be carried into the ash pit. The load 
conditions have no direct bearing on the speed of the stoker. 

Load Variations. If a load variation occurs it is met by a 
change of damper position. Thus a larger steam demand requires 
greater furnace draft. Necessarily, with greater furnace draft the 
coal will be burned more quickly, which calls for a greater grate 
speed if the grate is to be kept covered. From these facts is 
gathered the reason why automatic damper regulation alone will 



BOILER PRACTICE 37 

not work successfully; the coal-feeding speed must be connected 
with the automatic damper-moving mechanism to gain success. 

Importance of Furnace Draft. The rate of burning and the 
degree of elasticity of the rate of burning coal on traveling grates 
is then a function solely of the available draft in the furnace 
chamber when once a furnace construction has been installed. 
To afford certainty of quick ignition and the use of a minimum 
quantity of air, the design of the furnace construction is highly 
important and the best guide is the experience of manufacturers 
of this type of stoking equipment. 

From the foregoing discussion it will be gathered that it is 
highly important that the draft facilities should not only be ample 
but capable of close adjustment. The controlling damper rods or 
chains should be within easy reach of the fireman, and the effects 
of damper position should be indicated on a differential draft 
gage for each fire.* 

Starting New Fires. To start a fire under a cold boiler, set 
the feed gate at about 6 inches and run in enough coal at this 
depth to cover about half the length of the grate. The grate can 
be moved in by hand, with the aid of a hand-crank provided for 
that purpose, if no motive power is available. After this much 
coal is fed in, stop the travel of the grate by throwing the stoker 
out of gear and then raise the feed gate to full height. Next lay a 
suflScient quantity of wood on top of the bed of coal clear across 
the entire furnace width. Before lighting the fire the stack damper 
should be only partially opened and the wood then lighted by 
lighting oily waste or the like placed just inside the feed gate. 
When the fire is burning briskly over the full width of the grate, 
the feed gate can then be let down to operating conditions and the 
hopper filled with coal. In time the coal underneath the wood 
fire will begin to ignite, and, as the burning becomes more brisk, 
the damper can gradually be opened. As soon as the coal begins 
to burn the grate can be started ahead slowly, the ignition of 
the coal being watched through the inspection door all the while 
to see that the fire does not leave the feed gate. The damper 
should not be opened wide until the burning coal has completely 

♦An excellent treatise on traveling grate operation is published by the LaClede Christy 
Clay Products Company, St. Louis, Missouri. 
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covered the grate, after whieh the damper can be opened quite 
rapidly. 

Banking Fires. The load usually drops off gradually just 
before banking takes place, and during this time the stack damper 
should gradually be closed and the stoker swinging damper closed. 
The feed gate can then be run up to a height of about 9 or 
10 inches. Retard the stoker speed, allowing the fire to burn 
short gradually and, as the furnace cools down, continue closing 
the boiler damper. The speed of the stoker and the condi- 
tion of burning short, together with the gradual closing of the 
dampers, should be such that by the time the grate is half covered 
with dead ash, the 10-inch fuel bed will have covered the front 
half of the grate surface. When this condition is reached the 
boiler damper should be nearly closed or at least just to the point 
where the gases from the fire all but come out into the boiler 
room. The stoker is then turned out of gear. If this changing 
to a banked condition has been gradual, the furnace brickwork, 
etc., will have cooled down sufficiently to allow this 10-inch bank 
of coal to hold fire ten or twelve hours. If, however, the load has 
dropped off so quickly as to leave an extremely hot furnace at the 
beginning of the banking period, the first bank laid may last only 
a few hours, and it will be necessary at the end of that period to 
crank-in briskly by hand another 4 or 5 feet of green fuel, which 
bank will be found to hold fire twelve or fourteen hours without 
being disturbed. Should operating conditions be such as to make 
it inconvenient to lay in the second bank of fuel, the first bank 
can be laid with the drippage from the tailing pan underneath the 
stoker, and if this drippage is wet down before being fed to the 
hopper, it will be a further aid in causing the bank to hold fire 
for a long period. Just prior to banking, no more coal should be 
fed to the hopper than is just required for laying the bank. Dur- 
ing the period of banking the hopper should be entirely empty, the 
coal in the furnace on the grates extending just to the feed gate. 
There should be a space of about 1 inch between the underside of 
the feed grate and the fuel bed. Such a space allows air to sweep 
above the fire, preventing smoke and slowing down the burning of 
the fuel. Allowing the hopper to burn dry before banking and 
keeping the 1-inch space between the feed gate and the fuel bed 
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will prevent the fire from burning back into the hopper, thus 
preventing burning the feed-gate shoes and the cheek plates of the 
hopper frame. 

Starting with Banked Fire. To start the boiler steaming 
from a banked fire, it is only necessary to take a light firing tool 
and break up the bank of coal, lower the feed grate to its normal 
position, and fill the coal hopper, after which the stack damper 
can gradually be opened. Care should be used that the stoker is 
not speeded up so fast as to carry the fire away from the feed 
gate, and the draft should gradually be increased, as too much 
draft might, after breaking up the bank, retard the burning 
rather than accelerate it. 

Preserving Furnace Brickwork. If, when letting down the 
boiler, the damper is allowed to remain open while the fires are 
burning out, the cold air that comes in through the grates sweeps 
over the underneath surface of the ignition arch, chilling just the 
outside inch or two of the tile. This tile has a large capacity for 
heat and the body, ^r inside, of the tile retains its temperature for 
some time. The rapid cooling of the outside surface causes the 
tile to spall off; hence spalling can be prevented by gradually 
closing the boiler damper as the fire begins to cool down. If the 
dampers are left wide open after the fire begins to burn briskly, 
the lower surface of the tile will heat quickly while the center, or 
interior, of the tile will remain cool, and this quick heating may 
cause the bottom of the tile to drop off, or at least to crack. 

The greatest enemy of an ignition arch is water, and every 
precaution should be taken when washing out the boiler to see 
that none of the water reaches the arch. Arch tiles that are kept 
on hand for repairs should by all means be kept under cover. 

Chain Tension. It is important to keep the chain at the 
proper tension. An experienced operator can determine the proper 
amount of tension by watching the grate as it leaves the front 
driving sprockets. If the chain dips down and the ends of the 
links show prominently as the chain leaves the sprockets, the 
tension bolts should be tightened until the chain is straight at 
this point. 

Wetting Coal. Some advantage is obtained by wetting the 
coal because it is easier to keep the fire in good condition when 
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the coal is moist. This wetness should be just sufficient that 
the coal will tend to stay together when squeezed tightly in the 
hand but not to drip or be mushy. Under no circumstances 
should the water be sprayed at the hoppers; all extra moisture 
should be supplied before the coal is placed in the storage bins. 
If the spraying is done in the stoker hoppers, the water trickles 
through to the links and is evaporated by the furnace heat and 
the solid residue forms scale deposits on the chain rods, rollers, 
and links. 

Coal Siftings. When the amount of coal which sifts down 
through the grates becomes excessive, it produces a very annoying 
condition. It should in no instance exceed 5 per cent of the coal 
fed to the stoker, and 3 per cent is a more common performance. 
The drippage pits should be cleaned regularly — say once or twice 
on each watch — and it is important that they be cleaned clear to 
the back end. Should the drippage become excessive it can be 
remedied by thickening up the fire, or wetting the coal, and by 
making sure that the proper chain tension is obtained. 

Burning Refuse. Sweepings about a building containing 
metal clippings, nails, or other small hard metallic parts should 
not be burned on the chain grate stoker, as these iron parts work 
into the moving parts of the chain and cause trouble. 

Inclined Qrates 

Front»Feed Type. The success of the front-feed inclined grate 
type of stoker depends altogether upon maintaining an active bed 
of fuel spread over the entire grate surface or, at least, a part of it 
large enough to allow sufficient coal to be burned to make the 
required steam within the draft facilities afforded. 

The motion of the grate bars is expected to be such that 
there will be a progressive movement of burning fuel down the 
grate incline, so that when the lower dump grate is reached 
practically all the combustible matter has been burned out. Any 
act on the part of the fireman which disturbs such a progressive 
movement of fuel defeats the purpose of the stoker. He may 
interfere on occasions when the stoker fails to carry the fuel down 
the grate as a result of a lack of sufficient movement of the bars 
caused by the. clinkering of the refuse. If the fuel sticks so badly 
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that it has to be dislodged, it is a mistake to dislodge it to such 
a degree that large areas of fuel avalanche to the bottom. When- 
ever avalanching occurs and the coal has the slightest tendency to 
clinker, the refuse will fuse and a great deal of trouble will be 
experienced in getting the clinkers out. Demands for more steam 
are usually met by assisting the fuel in traveling down the grate 
and gradually introducing new fuel at the upper end. When the 
steam demand becomes less, recourse is taken to partially closing 
the boiler damper and closing the furnace doors so as to admit a 
less amount of air through the fuel bed. 

Side»Feed Type. There is no essential difference between 
operating the side-feed type and the front-feed type just dealt 
with. There is a difference, however, in the facilities for inspect- 
ing the condition of the fire and the degree of freedom in getting 
at the fuel bed. The gases when leaving the fuel surface travel 
across the face of the fuel bed, with the result that the furnaces 
tend to burn out at the upper rear grate portions and require 
particular attention there and at the corresponding front portions, 
where the progressive movement of coal down the grates may be 
disturbed because of clinkers lodged on the front furnace wall. 
The mistakes in operating this type of stoker are, viz, failure to 
keep the hoppers filled with coal; puddling the fire with pokers and 
slice bars; and failure to employ the stack damper properly. 

Starting Fires. To start a fire, fill the magazines and, after 
covering the clinker bat with wood to prevent the fuel running 
through into the ash pit, feed just enough coal by hand from each 
magazine to cover the grates. Place a small amount of kindling 
on top of this coal and ignite. After the fire is well started, feed 
coal, as required, onto the grates from the magazines by hand until 
the steam pressure is high enough to operate the furnace driving 
engine. Before starting this engine, open the cylinder drain cocks 
until the condensation in the steam pipe leading to the same is 
discharged. Also open the valve connecting the exhaust with the 
grate bearer of the furnace. 

It will not be necessary to revolve the clinker bar for some 
little time after the furnace is started, but the stoker arms and the 
grate rocker arms should be connected to and operated by the 
driving bar of the furnace at a speed sufficient to keep the grates 
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covered with coal. When refuse accumulates sufficiently at the 
lower ends of the grates, connect the clinker bar to the operating 
mechanism by dropping the driving pawl into the clinker bar 
ratchet gear. To prevent breakage, the stoker shafts and clinker 
bar should be moved by hand before they are connected to the 
driving bar of the stoker. 

When starting after the jfire has been banked, spread the coke 
from the banked fire along the lower ends of the grates, feed 
sufficient coal from the magazines to cover the grates, open the 
drafts, and start the driving engine. 

Stopping Furnaces, To stop the furnace, see that all the coal 
in the magazines is fed out. If the fire is to be banked, pull the 
coke to the bottom of the grates and cover well with coal. The 
fine coal from the sifting pits is very suitable for this ptuT)ose. 
The ash and sifting pit doors should be closed tight and the 
damper opened only sufficiently to allow" the gas from the fresh 
coal to escape. The fire door should be left open for a short time 
if the furnace arch is very hot when the fire is banked. The 
clinker bar ratchet pawl should always be raised and the grate 
rocker arms disconnected when the furnace is shut down. 

Load ]^ariations, WTien there is a sudden reduction in the 
demand for steam, close all doors admitting air under the grates. 
Leave the boiler damper open and, if the steam pressure still 
rises, open the fire door. 

Magazine Condition. To insure an even feed of coal from 
front to rear, the magazines should be kept full of coal. When 
filling the magazines with a shovel, throw the coal well to the rear 
end. When feetling thri>ugh the magazine top occasionally shut the 
slides and push the ei>al to the rear with a hoe, as the feed is 
faster at this [mint. Never let the magazines run so empty that 
light from the fire can l>e sihmi in them. Feed the coal into the 
furnace tx^ntinuously. If it is niHvssary to shut down the furnace 
engine for a tx)nsidenible tinu\ do not let the stoker boxes stand 
still with coal in the magazines but give the stoker shaft one 
motion with tlie wn^nch every fifttvn minutes. This will prevent 
the coal in the nuigazines taking fire. If ami in the magazines 
should take fire, do not nvhargt* until the ignited coal is all 
d out. 
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Fv£l Bed Thickness. A V-shaped fire a little thicker over the 
clinker bar than on the grates will give the best results. The 
thickness of the fuel bed should be from 3 to 8 inches, according 
to the character of the coal, the draft, and the rate of duty. For 
fine coal or a low draft the fire should be thinner than for coarser 
coal or a good draft. For a fluctuating load it is good practice to 
work with a fairly thick fire. Should the fire on one side of the 
furnace get heavier than on the other, disengage the link from the 
stoker arm for a few minutes. If the fire is thinner than it should 
be, a stroke or two of the stoker shaft by hand will correct the feed. 

When the furnace is in operation always keep the driving 
engine running with the grates in motion. If necessary to stop 
the feed, disengage the stoker arm Unks. To stop the clinker bar, 
raise the pawl. 

Clinker Bar Speed. The speed of the clinker bar should be 
regulated to the ash in the coal. It is better to have it revolve at 
a slightly slower speed than will discharge all the ash, using the 
wrench occasionally to remove the refuse which accumulates, thus 
avoiding unnecessary waste of coke. When using coal having a 
large percentage of ash, take out the loose pieces alongside the 
clinker bar, if increasing the speed by lowering the clinker bar 
ratchet connection does not give the desired result. If the coal 
which is biu^ned shows a tendency to clinker badly, discharge a 
little more steam to the fire through the grate bearer. This will 
prevent the clinker welding together in masses which cannot 
easily be removed by the clinker bar. 

Draft. As a general rule, all the air to the grates should be 
admitted through the sifting-pit doors. With some varieties of 
coal, however, it is noticed that the fire at the bottom of the 
V gradually thickens unless a proportion of the air is admitted 
through the ash-pit doors. Occasionally the best results are pro- 
duced by admitting most of the air in this manner. Under no 
circumstances, however, should the sifting-pit doors be entirely 
closed when the furnace is in operation. 

Underfeed Stokers 

Horizontal Feed. All underfeed stokers depend upon forced 
draft for air supply through the fuel bed and upon natural draft 
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to carry the burning gases out of the furnace and through the 
boiler setting. 

Starting Fires, When starting fires with steam to operate the 
stoker, fill the retort by means of the ram so that the tuyere 
blocks are covered with green coal. Scatter fire along each side 
and the center of the retort on top of the green coal and then 
start the blower, slowly increasing the speed as the fire builds up. 
If without steam to operate the stoker, shovel coal through 
the fire doors till the retort is full and the tuyere blocks are com- 
pletely covered. Build a wood fire on top of the green coal, 
leaving the fire doors open for draft. Fire with wood until suffi- 
cient steam has been raised to operate the blower; start the blower 
slowly, increasing the speed as the fire builds up; then discontinue 
the wood and fire by hand through the fire doors in the usual 
manner until sufficient steam pressure is obtained to operate 
the ram. 

Cleaning Fires, Fires must be cleaned when the accumulation 
of noncombustible matter in the furnace interferes with com- 
bustion. The greater portion of refuse forms in a vitrified clinker 
on the side grates. Lift this clinker with a slice bar and remove 
only the clinker with a hook. Never clean so as to expose the 
side grates to the intense heat of the fires. Let the ash and 
unconsumed coke remain on side plates; clean on dead plates and 
top of tuyere blocks only. The retort will keep itself clean. Shut 
off the forced draft when cleaning. Do not burn the fire down 
too thin before cleaning. 

Banking Fires. To bank fires, introduce several charges of 
coal by means of the ram, shut off the forced draft, and close the 
fire doors and the damper. If the fires are banked for a long 
period, clinker and coke may form in the retort. The clinker 
should be removed and the coke broken up before attempting to 
operate the ram. 

Inclined Underfeed. Stokers of the inclined underfeed type are 
dependent for their economical operation more on the indications of 
draft instruments and gas determinations than on judgment of fire 
conditions by eye inspection. It is true that when a particularly 
bad condition of fire exists it is possible to see that the results are 
bound to be economically bad, but there are conditions of bad 
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ox^eration, especially in the direction of supplying useless air, that 
are not visible and can be determined by gas analyses only. The 
proper manipulation of this class of stoking equipment can there- 
fore be best accomplished under the direction of competent 
technical skill. The best method to pursue is to co-operate with 
the engineers of the companies manufacturing the equipment in 
determining the best way to operate, later using as a guide the 
draft indications observed during good trial running, occasionally 
checking the result by gas analyses. 

The best usual operating conditions are those which prevail 
when almost balanced draft in the furnace is employed. If an 
automatic draft control to bring this about is available, so much 
the better, but in any case the balanced condition should be 
striven for. 

OPERATING COMBINATIONS OF UNITS 

Plant Economy vs. Boiler Economy. The discussions preceding 
this have been devoted to the considerations entering into the 
economical burning of fuel, with particular reference to the char- 
acter of the equipment connected with the boiler treated as a single 
unit but not especially with reference to the fact that several such 
units are usually operated as a plant. In a measure, the matters of 
plant load and of its variation, which are both frequently large, 
were intentionally neglected so as to give more emphasis to the 
immediate problem of presenting the main features, of boiler and 
furnace unit operation uninfluenced by complications set up when 
a battery of boilers is operated. It is wrong to conclude, off- 
hand, that if every unit makes good use of the fuel supplied to it, 
the plant as a whole must necessarily be economically run, for 
fuel is not the only item entering into the cost of boiler operation. 
Mention only need be made of plant investment, labor, and main- 
tenance costs of furnaces and boilers to justify the foregoing 
statement, and all of these enter into the question. More striking 
than any of these considerations is the fact that, whatever con- 
clusion may be drawn from a carefully conducted series of tests 
over a considerable range of boiler capacity, actual running con- 
ditions show that unless the operators are compelled to busy 
themselves continuously either manually or mentally, in order to 
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maintain steam pressure, attention becomes lax and as a result 
fuel-burning economy suffers. 

Few Units with High Boiler Rating. Where there is a choice 
as to number of units for operating service, the tendency on the 
part of the directing authority should be to reduce that number to 
a workable minimum rather than permit a lazy performance on 
the part either of the equipment or the men. It does not follow* 
however, that the highest available unit operation is necessarily 
the best practice; to explain how to determine the reasonable 
stopping place in applying the higher capacity policy is the purpose 
of the succeeding paragraphs. 

Analysis of Method. Let us assume that good daily operating 
performances of the boiler units of two plants are as shown in 
Fig. 26, in which A-A represents the eflSciency of one and A'-A' 
that of the other over the range of capacity indicated. These 
lines are intended to show the average results of the units, not 
the possible test performances represented by Ai-Ai, which might 
be several per cent higher throughout the capacity range. Consider 
first plant A; it will be noted that it does not make a great deal 
of difference at what point between 80 per cent and 140 per cent 
of boiler rating the boiler units are operated, provided the opera- 
tors obtain the realizable results as shown by the curve A- A. As 
a matter of fact the probabilities are that they will get, instead 
of A- A of Fig. 26, the curve A" -A" of Fig. 27, which indicates 
departures from A- A. (Curve A- A, Fig. ^7, is sunply a dupli- 
cation of curve A- A, Fig. 26.) The reason why the curves 
converge at the higher capacities is because carelessness in firing 
is not attended by loss of pressure when there are enough units 
in service to carry the plant load anyway. 

Out of considerations like these comes the conclusion that it is 
best all around to tend to higher running rates, but to do so 
intelligently and with a full realization that the effects in particu- 
lars besides heat evolution and absorbtion efficiency must be 
weighed also. 

Referring again to Fig. 26, note that the curve A'-A' for 
plant A^ has a different position on the chart than A- A. This 
may be due to a variety of causes, among which may be men- 
tioned difference in size and character of boiler units, character of 
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furnaces, drafts, fuels, etc. Let us consider the plants to be of 
equal steam demand. Manifestly it. would be wise to operate the 
units of A' -A' at a higher percentage of boiler rating than those 
of A- A. So it is important to know what sort of a performance 
with reference to capacity may be expected from the equipment 
dealt with. This knowledge can be gained only by obtaining 
evaporation and fuel figures by reliable means, preferably through 
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Fig. 27. Actual Boiler Efficiency Curve Compared with Theoretical Curve 

the compilation of test data taken during daily operation over 
extended periods. 

Assuming that information such as given by the curve A-A 
is available and that it is known by equally reliable means what 
the probable steam demand will be, the method most likely to 
gain economical results is as follows: 

(1) Estimate the likely maximum boiler horsepower demand 
for one hour, using accumulated data and experience, etc. 

(2) Divide this figure by the boiler horsepower created when 
running a little less capacity than the maximum capacity economical 
rate as shown by compiled or plotted data. The dividend for 
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plant A- A, Fig. 26, would be 135 per cent of the boiler rating as 
shown by point C, which is a little less than B on the right, the 
latter being still within the range of economical performance. 
The quotient increased to the next larger whole nmnber repre- 
sents the total number of units to be in service. 

(3) According to the load operate as many of these units as 
possible at the C-rating so long as none of the rest is compelled 
to operate below its lower capacity efficient basis as shown by 
point B on the left, Fig. 26. 

Advantages of Plan, The effect of this procedure is as follows: 

(1) When the maximum demand occurs all the operating 
units are running at a little below maximum capacity econom- 
ical rate. 

(2) As the load becomes lighter one unit only is brought 
down to its minimum capacity economical rate, the rest remaining 
on the line working at their upper limits. 

(3) A still further reduction causes a second unit to be load 
lightened in the same manner as the first; and so on, one boiler 
at a time, until the minimum load is met. As the load increases 
the lower operated units are brought into maximum service in turn. 

If the result of the adoption of this plan is to create idle units 
as compared with some other plan of operation, there may be 
absolute assurance that a substantial step has been taken in the 
direction of greater economy. This system is distinctly different 
from that of operating all boilers in service at approximately the 
same variation of duty in order to meet variations of load, but 
the results are very much better. 

BOILER ROOM MEASURING INSTRUMENTS 

Function of Instruments. It is so obvious that measuring 
instruments are essential to good boiler room performance that one 
is tempted to agree that the use of instruments of all kinds is 
justified in every instance, provided they are reliable and accu- 
rate. However, the matter is not so simple as this, for in the 
generation of steam as in all other mechanic arts, the character 
of the operating processes involved is limited by the human capabil- 
ities of the operators. It is therefore well to investigate the sub- 
ject from this standpoint and state its main principles at least. 

The function of instruments is to supply information — (1) to 
permit operators to judge of the performance while the operation 
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is actually going on, thus permitting an intelligent adjustment if 
adjustment is desirable; (2) to provide responsible managers, 
foremen, or chiefs, with permanent records of past performances, 
thus supplying evidence on which to base operating reforms; and 
(3) to provide the basis for cost accounting, or charges for service 
to departments, according to service rendered. 

Limits of Usefulness. Manifestly, in order for instruments to 
be useful under the first head, the operators must be capable of 
interpreting the instrument indications and be able to apply the 
remedies when unsatisfactory conditions exist. Under the second 
head the responsibility rests with the managers as well as the 
operators and, in addition, the records must be regularly and 
thoroughly digested if they are to be of any real service. Unless 
a genuine cost distribution system exists it is needless to provide 
the devices that make possible such a distribution. Experience 
teaches that, however desirable it may appear to be to have 
available the several kinds of instruments that the market affords, 
it is actually worth while to supply only the minimum number. 
However, it is highly important to have and use this minimum and 
the highest grade of each particular type is always justified, as is 
the most painstaking care in preservation and use. In other 
words, it is easy to overequip a plant with measuring instruments, 
creating a condition similar to that sometimes proposed in other 
branches of business where the system is so complicated that- it 
requires another system to run it. 

Types of Instruments. The measuring instruments and devices 
employed in boiler rooms are, viz, draft gages — indicating and 
recording; thermometers — indicating and recording; gas analyzing 
apparatus — indicating and recording; smoke gages — indicating and 
recording; coal weighers; water measuring or weighing devices — 
indicating, recording, and integrating; and steam meters — indicat- 
ing, recording, and integrating. 

Draft Gages. Draft obtained by the use of chimneys is the 
difference in pressure created by a heavier column of gas over- 
coming an equal volume of gas of a lighter weight per unit of 
voliune. It should be distinguished from the air and gas itself 
which are mass quantities, and it should always be recognized as 
an intensity factor. We, therefore, speak of draft in terms of the 
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pressure exerted by a column of water, as, for instance, .5 of an 
inch of water, by which is meant that the draft intensity is such as 
to sustain, when exerted upon a water surface, a column .5 of an 
inch high against gravity. 

An instrument for measuring draft intensity is called a draft 
gage. There are various forms of such instruments, all of which 
are based upon the same principle. Where the intensities of draft 
are large, sufficient accuracy may be obtained by the use of a 
simple glass U-tube containing water, one tube end of which is 
in communication with the chamber or conduit of which the 
draft intensity is to be determined. If a suitable scale is. attached, 
the instrument can easily be read by noting the difference in 
height of water level in the two legs of the tube. 

A much more sensitive and, if intelligently used, more accu- 
rate instrument is that shown in Fig. 28. The glass contains a 




Fiff. 28. Differential Draft Gage 
Courttsy of Lrwis M. EUiaon, Chicoifo, Illinois 

colortnl oil of known siK^»ific gravity. As the inclination of the 
tuln* portion dctcmiines the sensitiveness of the instrument, to 
obtain accuracy, tlic bubble vial for leveling and its position with 
rt^sjHHt to tlio glass portion t)f tlie gage within its working range 
should he carefully adjusttnl by the manufacturer. There is no 
grt^ater difficulty in using a ditTcrcntial draft gage than any other 
less sensitive kind. 

Of all instruments, the draft gage is the simplest and most 
useful in the steam gtMierating art. It is no exaggeration to say 
that every change of t»ondition of fuel, furnace, boiler setting, 
cleanliness of heating surface, or the manner of operation is 
reflectetf b\- the draft difference indication. To be sure, some of 
these draft indication changes are submerged in changes of a 
wider scope and, consequently, it is not to be expected that the 
draft gage »' 'la complete story of boiler operation. 
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There is no plant, however small, that docs not warrant the employ- 
ment of one well-raade differential draft gage, and in most 
instances there is needed at least one draft gage for each boiler 




unit, connected and located in a cool protected position so as to 
permit the ready determination, in turn, of the draft in the furnace 
region and in the boiler uptake. 

I III i^ I I i„„^„ 




Efficiency Meter by Draft Method. An interesting and valuable 
adaptation of the differential draft gages for judging of furnace 
operating efBcieney is found in the Blonck efficiency meter ilius- 
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trated in Figs. 29 and 30. This meter is the pioneer of several 
instruments of the same tj^pe. It consists essentially of two 
sensitive draft gages, one connected to the furnace and the other 
to the boiler side of the damper. The lower gage is filled with 
red oil and shows the drop in draft through the fire, or the resist- 
ance of the fuel bed; the upper gage is filled with blue oil and 
registers the drop in draft between the furnace and the damper, or 
the resistance of the boiler. 

Two sliding indicators are arranged so they can be set at the 
point of perfect firing, that is, the point at which the boiler is 
operating at its highest efficiency. These indicators are plainly 
marked with legends showing underload and air+ at one side of 
the arrow and oterload and air— at the other. To locate the 
point of perfect firing, it is necessary to determine what conditions 
exist when the bi>iler is operating at its best eflSciency. The 
indicators should he so set that any departure from these condi- 
tions is registeretl. Thereafter the problem is to interpret the 
indicjilions and thus make possible the remedxing of a faulty 
o[)eniting ix>ndition. 

This instrument is manufactured for all kinds of boiler 
furnacv service and many niceties found desirable when encoun- 
tering different fonns of draft creating apparatus, etc., have been 
intncHluiTtl. 

Thermometers and Pyrometers. For a^jcertaining tempera- 
tures in ondinarv lx>iler nx>m work a mercurv thermometer will 
l>e found intelligible to the o[>erators and the indications will be 
readily understi>*>[l. For tJie higher tem[>eratures, such as prevail 
in bi>iler settings neariT the furnace than the uptake, a thermo- 
couple ci>nnei"teil to an indii^ating millivoltmeter is usually very 
desirable, Wlien useil well within safe o[>erating ranges the relative 
indications are usually found to Ix^ fairly acx^urate; the absolute 
indications are s«i>nietimes inaccurate, esjieoially if the couple has 
been i^ubjecte^i to excessive tem[>erature. Temj>erature recording 
instnunent.s, prtnci(>all\ of the oKvk-tiial tx^^e, are also manu- 
factureii. 

Rue Qas Anahxing Apparatus.* Dr^mj'4ion of Onai Type, 
Tlie Orsat apj\iii^tus, illustratt>i in Fie. •>!. i> irenerally used for 
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analyzing flue gases. The burette A is graduated in cubic centi- 
meters up to 100 and is surrounded by a w4ter jacket to prevent 
any change in temperature from affecting the density of the gas 
being analyzed. 

For accurate work it is advisable to use four pipettes 
B, C, D, and E, the first containing a solution of caustic potash for 
the absorption of carbon dioxide, the second an alkaline scJution 
of pyrogallol for the absorption of o yyg^n . and the remaining two 
an acid solution of cuprous chlo- 
ride for absorbing the ca rbon 
monoxide. Each pipette contains 
a number of glass tubes, to which 
some of the solution clings, thus 
facilitating the absorption of the 
gas. In the pipettes D and E 
copper wire is placed in these 
tubes to re-energize the solution 
as it becomes weakened. The 
rear half of each pipette is fitted 
with a rubber bag, one of which 
is shown at K, to protect the 
solution from the action of the 
air. The solution in each pipette 
should be drawn up to the mark 
on the capillary tube. 

Method of Use. The gas is 
drawn into the burette through 
the U-tube H, which is filled 
with spun glass, or similar material, to clean the gas. To discha^e 
any air or gas in the apparatus, the cock G is opened to the air 
and the bottle F is raised until the water in the burette reaches the 
100 cubic centimeter mark. The cock G is then turned so as to close 
the air opening and allow gas to be drawn through II, the bottle 
F being lowered for this purpose. The gas is drawn into the burette 
to a point below the zero mark, the cock G is then opened to the 
air, and the excess gas is expelled until the levels of the water 
in F and in A are at the zero mark. This operation is necessary 
in order to obtain the zero reading at atmospheric pressure. 




n of Oraat App»r»tUB fc 
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fsv 0/ Tht Babcock i WOaii 
JompanH, Nfxc York CUy 



54 BOILER PRACTICE 

The apparatus and all connections leading thereto should be 
carefully tested for leakage. Simple tests can be made; for exam- 
pie, if, after the cock G is closed, when the bottle F is placed on 
top of the frame for a short time and again brought to the zero 
mark, the level of the water in A is above the zero mark, a leak 
is indicated. 

Before taking a -final sample for analysis, the burette A should 
be filled with gas and emptied once or twice, to make sure that 
all the apparatus is filled with the new gas. The cock G is then 
closed and the cock I in the pipette B is opened and the gas 
driven over into B by raising the bottle F. The gas is drawn 
back into A by lowering F, and when the solution in B has 
reached the mark in the capillary tube, the cock I is closed and a 
reading is taken on the burette, the water in the bottle F being 
brought to the same level as the water in A. The operation is 
repeated until a constant reading is obtained, the number of 
cubic centimeters being the percentage of CO2 in the flue gases. 
The gas is then driven over into the pipette C and a similar 
operation is carried out. The difference between the resulting 
reading and the first reading gives the percentage of oxygen in 
the flue gases. 

The gas is next driven into the pipette Z), then given a final 
wash in E, and then passed into the pipette C to neutralize any 
hydrochloric acid fumes which may have been given off by the 
cuprous chloride solution, which, especially if it be old, may give 
off such fumes, thus increasing the volume of the gases and making 
the reading on the burette less than the true amount. 

The steps in the process must be performed in the order 
named, as the pyrogallol solution will also absorb carbon dioxide, 
while the cuprous chloride solution will also absorb oxygen. 

As the pressure of the gases in the flue is less than atmos- 
pheric pressure, they will not of themselves flow through the 
pipe connecting the flue to the apparatus. The gas may be 
drawn into the pipe in the way already described for filling the 
apparatus, but this is a tedious method. For rapid work a rubber 
bulb aspirator connected to the air outlet of the cock G will enable 
a new supply of gas to be drawn into the pipe, the apparatus 
then being filled as already described. Another form of aspirator 
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draws the gas from the flue in a constant stream, thus insuring 
a fresh supply for each sample. 

The analysis made by the Orsat apparatus is volumetric; if an 
analysis by weight is required, it can be found from the volu- 
metric analysis by computation based on the molecular weights of 
the gases involved. 

Other Types. There are forms of manually operated gas 
analyzing apparatus other than the one described above, but they 
are all based on the Orsat principle. Many ingenious forms 
have been, developed with a view toward making the instrument 
less liable to breakage and more portable. Many attempts have 
been made to evolve recording oi; continuous CO2 instruments 
by far the most of which have been failures, especially when placed 
in the hands of boiler room engineers. Certainly there has been 
no recording CO2 instrument constructed that, considered in con- 
nection with boiler furnace practice, warrants the employment for 
its own sake of the necessary skill to keep it working. 

Smoke Indicators and Recorders. Smoke indicators and 
recorders are gradually coming more into favor as their importance 
is appreciated. Where an indicator is wisely employed the results 
are gratifying. The smoke recorder has the added advantage of 
providing evidence of failure of operators to carry out instructions 

in case the record shows avoidable smoke. 

> 

Smoke Indicators. Smoke indicators are constructed on the 
simple principle of so placing an artificial light opposite an opening 
in the boiler stack connection that it shines into the breeching. 
When the flue gases are clear, the light will shine across the 
breeching into a tube connection fitted with mirrors and reflectors 
so as to- project light rays upon a ground-glass disk, or vioon. 
An obstruction to light passage by smoke will cause this moon to 
darken corresponding to the density of the smoke. The fireman 
may thus have a fair conception of the exhalation coming from 
the top of the stack without looking at the stack at all and can 
act to remove the* cause of the smoke at once. 

Smoke Recorders. Smoke recorders are constructed on the prin- 
ciple of taking minute samples of flue gas at frequent regular 
intervals and projecting these as rapidly as taken upon a soft 
paper sheet or ribbon passing by the gas ejecting nozzle. The 



56 



BOILEK PEtACTICE 



instrument must not only take a fair sample of the gas but must 
show a paper record closely duplicating in appearance the densitj' 
of the smoke column coming from the breeching or stack. The 
device manufactured by the Hamler-Erldy Smoke Recorder Com- 
pany, of Chicago, is the best of its kind and is a very ingenious, 
accurate, and otherwise reliable instrument. 

Coal Weighing Instruments. Coal weighing instruments are 
in every instance built upon the ordinary platform scale system of 
lever arms and scale beam and are usually an integral part of a 
coal larry system delivering coal to stoker hoppers in turn. The 
value of keeping accurate records of the coat consumed by each 




boiler is coming to be better appreciated, and unless by the use of 
this form of apparatus other operating features are adversely 
affected, coal weighing is well worth any reasonable expenditure of 
effort and money, especially when data concerning the water 
evaporated is also available. 

Water Measuring or Weighing Devices. Integrating Meter. 
Water measuring or weighing devices are of several forms, of 
which the most common is the familiar type of integrating meter 
placed on water supply lines. For boiler feed, especially when the 
water is hot, the serviceability, or at least the accuracy, of such 
meters is open to question, though of course they may always be 
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calibrated. Meters are always, or should be, installed in by-oasses 
to permit removal for repairs. 

V' Notch Meter. A second type of meter known as the 
V^notch is shown in Fig. 32 as a part of a feed-water heater. 
The principle of operation is to determine by accurate means the 
height of the water flowing over a V-shaped weir and to apply 
this water head in a computation based upon other known experi- 
mental factors. The resulting quantity of flow is made manifest 
by indicators, a recording chart, and an integrating meter when 
connected up with suitable clock and other mechanism, the whole 
being an accurate and convenient manner of determining feed- 
water quantities. 

VerUuri Meter. A liquid flowing through a contracted area of 
pipe constructed as shown in Fig. 33 will exert varying pressures 
at two sections A and B, the pressure at B being less than at 
A because the velocity at the throat is higher than that at the 




Fig. 33. Section of Venturi Meter Tube 

inlet section. By properly proportioning the pipe this pressure 
loss is restored at section C, The loss of pressure at the throat 
can be accurately measured by a manometer gage and is found to 
increase approximately as the square of the throat velocity, so 
that if the velocity at B is doubled the pressure difference becomes 
about four times as great. The use made of this phenomenon 
is simply to connect the inlet section to one and the throat sec- 
tion to another of two vertical wells, containing mercury baths, 
communicating at their bottom end means of a small pipe 
connection. In each well is a heavy float resting on mercury, 
a part of which flows from one well to the other in direct propor- 
tion to the difference in the two pressures. Consequently, one float 
rises as the other descends and this movement is transferred through 
substantial rack and spur gearing to an indicator dial hand shaft. 
A typical installation is illustrated in Fig. 34, which shows the 
connections at the Venturi pipe with two leads of small pipe 
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f transmitting the pressures at the inlet and throat sections to thej 
■mercury wells in the lower back part of the instrument case. TIm'^ 




front displays a recording chart on top, an integrating mechanism *■ 
mediately below it, and a rate-of-flow indicator. 
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Steam-Flow Meters. To illustrate the priiit-iple of action of 
the Pilot tube as applied to ateam-flow meters, an elementary 
form is shown in Fig. 35. Assume 
that two small pipes are inserted 
in the main pipe in such a manner 
that one opening, called the lead- 
ing opening, faces against thedirec- 
tion of flow and the other open- 
ing, called the trailing opening, 
faces in the direction of flow of 
the steam, water, air, or gas 
being measured. These two pipes 
are connected to the two glass 
legs of a vertical U-tube contain- 

PlB- as. Diigram Showing I'rinrLpIe uf 

[ng mercm-y. A«ioi. oi iHtot TubB 

It is evident that the steam, water, air, or gas when flowing 
impinges against the leading opening and sets up a pressure in the 
leading pipe, which equals the static 
pressure plus a pressure due to the 
\'eloeity head. The drag of tlie gas 
or fluid over the trailing opening 
lowers the pressure in the trailing 
pipe. Owing to the differentia! pres- 
sure the mercury in the U-tube is 
deflected until the weight of mer- 
cury represented by the difference 
in the two columns exactly balances 
the differential pressure of the flow- 
ing medium. The amount of deflec- 
tion is indicative of the rate of 
flow, other conditions remaining the 
same. Therefore it is feasible to 
expect a true indication, within 
reasonable ranges, of the quantities 
passing through the Pitot tube sec- 
tion of the pipe if the tube is prop- 
erly combined with suitable indicating and recording mechanisms. 
The General Electric Company manufactures for steam, gas. 
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air, and water use a number of different types of instruments from 
the simplest indicating flow meter, shown in Fig. 36, to the most 
complicated indicating, integrating, and recording tj^pes. Trans- ' 
lating on indices or charts the differences in pressure exerted by 
the two Pitot tube pipe leads gives rise to several devices, some 
depending upon pure mechanical mercury height measurement and 
others upon electrical contact and resistance variations. 

CARE OF BOILERS 

BOILER MANAGEMENT 

Importance of Good Care. Any amount of time spent in the 
proper care of a steam boiler will be amply repaid, for this is of 
great importance. The boiler, of course, should be so designed and 
constructed that all parts can be readily inspected and cleaned; but 
this is of little benefit unless proper and rigid inspections are made. 
All internal fittings, such as fusible plugs, w^ater alarms, feed pipes, 
and the like, should occasionally be examined to see if they are 
tight and in good working order. It is especially important that 
if traces of oil be found the causes should inunediately be removed. 
If due care is not given to the boiler, its life will be materially 
shortened. 

Care of Pressure Apparatus. The following operating rules 
have been established by the Hartford Steam Boiler Inspection and 
Insurance Company and should be carefully followed, whether or 
not the boiler is insured by the above-mentioned company: 

Condition of Water, The first duty of an engineer, when he 
enters his boiler room in the morning, is to ascertain how many 
gages of water there are in his boilers. Never unbank or replenish 
the fires until this is done. Accidents have occurred and many 
boilers have been entirely ruined through neglect of this precaution. 

Low Water, In case of low water, cover the fires immediately 
with ashes; or, if no ashes are at hand, use fresh coal and close 
the ash-pit doors. Never turn on the feed nor tamper with or 
open the safety valve. Let the steam outlets remain as they are. 

In Case of F^ '. Close the throttle and keep it closed • 

ig enough t^ 'e level of the water. If that level is 

Jidently 1 Mowing will usually suffice to correct 
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the evil. In case of violent foaming, caused by dirty water or 
by change from salt to fresh water or vice versa, in addition to 
the above, check the draft and cover the fires with fresh coal. 

Leaks. When leaks are discovered, they should be repaired as 
soon as possible. 

Blowing Off. If the feed water contains sediment forming 
matter, the boilers must be blown down at regular intervals. It 
will usually suffice to blow down one inch of water each watch. In 
case the feed water contains foam prgducing matter, the blowing 
down must be sufficient to make it possible to observe a fairly 
steady gage glass indication. When surface blow cocks are used, 
they should be opened frequently for a few minutes at a time. 

Filling Up the Boiler. After blowing down, allow the boiler 
to become cool before filling again. Cold water pumped into hot 
boilers is very injurious, on account of the sudden contraction. 

Exterior of Boiler. Be careful that no water comes in contact 
with the boiler exterior, either from leaky joints or from other causes. 

Removing Deposit and Sediment. In tubular boilers, the hand- 
holes should be opened frequently, all collections removed, and fore 
plates carefully cleaned. Also, when boilers are fed in front and 
blown off through the same pipe, the collection of mud or sediment 
in the rear end should be removed frequently. 

Safety Valves. Raise safety valves cautiously and frequently 
to prevent their sticking fast in their seats. 

Safety Valve and Pressure Gage. Should the gage ever indicate 
the limit of pressure allowed, see that the safety valves are blowing 
off. In case of difference, notify the insurance company's inspector. 

Gage Cocks, Glass Gage. Keep the gage cocks clear and in 
constant use. Glass gages should not be relied on altogether. 

Blisters. When a blister appears, immediately have it care- 
fully examined and trinmied or patched, as the case may require. 

Clean Sheets. Particular care should be taken to keep sheets 
and parts of boilers exposed to the fire perfectly clean; also all 
tubes, flues, and connections well swept. This is particularly 
necessary where wood or soft coal is used for fuel. 

General Care of Boilers and Connections. Under all circum- 
stances, keep the gages, cocks, etc., clean and in good order, and 
things generally in and about the boiler room in a neat condition. 
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Getting Up Steam. In preparing to get up steam after the 
boilers have been open or out of service, great care should be 
exercised in making the manhole and handhole joints. Safety 
valves should then be opened and blocked open, and the necessary 
supply of water run in or pumped into the boilers, until it shows 
at second gage in tubular and locomotive boilers; a high level is 
advisable in vertical tubulars as a protection to the top ends of 
the tubes. After this is done, fuel may be placed on the grate, 
dampers opened, and fires started. If the chimney or stack is cold 
and does not draw properly, burn some oily waste or light kindling 
at the base. Start the fires in ample time, so that it will not be 
necessary to urge them unduly. When steam issues from the 
safety valve, lower it carefully to its seat and note the pressure 
and behavior of the steam gage. If there are other boilers in 
operation, and stop valves are to be opened to place boilers in 
connection with others on a steam-pipe line, watch those recently 
fired up, until pressure is up to that of the other boilers to which 
they are connected; then open the stop valves slowly and carefully. 

The precaution just mentioned is automatically taken care 
of if all the boilers on the same steam main are equipped with 
automatic stop-and-check valves and the additional control valve 
on the boiler being brought up to steam pressure is open, so that 
the automatic valve can operate as intended. 

Care of Setting and Attachments. Avoiding Air Infiltration, 
While the care of the boiler or pressure apparatus is important, 
it is just as important that the enclosure of the boiler and its 
furnace receive careful attention. The penalty for not so doing 
is to sacrifice efficiency in operation. It is impossible to empha- 
size too strongly the necessity for maintaining brickwork tight, for 
every bit of air filtered into the setting without taking part in the 
combustion process represents a direct loss. Close investigation of 
this subject discloses the fact that engineers and firemen do not 
appreciate the harm that can result from a failure to attend to 
boiler settings by not pre^^ '* air leakage and radiation losses, 
though they usually a end to the safety elements of 

the installa^' 'X)nservative to say that the 

money ' reasonable care of boiler 

setti due to boiler failures. 
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CORROSION 

There are several causes which tend to shorten and destroy 
the life of every boiler. These may be divided into two general 
classes, chemical and mechanical, and are usually the result of 
improper feed water or of improper care. Pure water, free from 
air and carbon dioxide, has no evil effect on the iron; but all natural 
waters, whether from rain, lake, river, or sea, contain air and a 
little carbon dioxide in solution, and such water will cause iron to 
corrode, even though no other impurities are present. Sea water, 
heated under a steam pressure of 30 poimds, even if it contains 
no air, will liberate a little hydrochloric acid, which instantly attacks 
the iron of the boiler unless counteracted by a chemical agent. 

EXTERNAL CORROSION 

Causes. There are two forms of corrosion, external and 
internal. External corrosion may be due to faulty setting, to 
improper care, to moisture from external sources, or from leakage 
from joints and valves. A large amount of external corrosion is the 
result of setting boilers in a mass of brickwork, which readily absorbs 
moisture, and which, when not under fire, is likely to keep the 
boiler plates damp. The exterior of a boiler encased in brickwork, 
moreover, is not so easily accessible, and a considerable amount 
of deterioration may take place without being readily detected. 

Prevention. Internally fired boilers are supported on saddles 
and are easily accessible; and the magnesia or asbestos lagging 
with which thev are usuallv covered will tend to absorb a certain 
amount of moisture, which will be given off when hot, thus help- 
ing to keep the boiler dry. If a leak of appreciable size occurs, 
the covering will become softened and its presence will be detected 
at once and repairs made. The exterior of an internally fired 
boiler, being at all times accessible, can be properly taken care of, 
which is not true of a boiler set in brickwork. Rivets and riveted 
joints should, as far as possible, be kept out of contact with the fire. 

Water-tube boilers are for the most part so enclosed that the 
tubes do not come in direct contact with the brickwork. In this 
respect the criticism just offered to brick enclosures for boilers 
does not hold. Even with water-tube boilers brick comes in contact 
with metal, though some settings are remarkably free in this respect. 
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INTERNAL CORROSION 



Causes. This i^ the result of the chemical action of impure 
feed water. It may occur in the form of a general corrosion or 
wasting away of the boiler plates, or in the form of pitting or groov- 
ing, the effects of which are likely to be local. Pitting and general 
corrosion are entirely the result of chemical action, while grooving is 
the result of chemical and mechanical action combined. 

It is not easy to discover general corrosion, because it acts more 
or less uniformly over a large surface. Sometimes the rivet heads 
rust in proportion to the plates, so that the wasting away of the 
plates is not easily noticeable. A uniform corrosion is the hardest 
to detect, and can usually be discovered only by drilling the boiler 
and gaging the thickness of the plate. If the thickness of the plate 
is found to be materially reduced, the working pressure of the boiler 
should be lowered in proportion. 

Sometimes the water will attack the plates only in the vicinity 
of the water line, in some instances confining the damage to a belt 6 
inches or 8 inches wide. Sometimes a few rivets below water level 
will be corroded, the remainder being in comparatively good condi- 
tion. Often the stays are weakened more rapidly than the plates, 
and the screw threads of a stay may be badly corroded while the 
shank of the stay remains uninjured. 

Pitting. Fatty acids, which are likely to come over in the feed 
water if vegetable oils are used to lubricate engine cylinders, are 
especially active in producing small pits throughout the interior of 
the boiler. Pitting appears in the form of small holes or in patches 
from J inch to 1 inch in diameter, or even as irregularly shaped 
depressions. If the holes are small and close together, the plate is 
said to be honeycombed. It is generally believed that this phe- 
nomenon, the result of chemical action, is due to a lack of homo- 
geneity in the material of the boiler, although an entirely satisfactory 
explanation has not yet been given. Pitting may also be caused by 
galvanic action, which may take place especially if sea water is used. 
As pitting occurs w^ ^^^'^re is no cause whatever for galvanic 
rtion, this can Ik Wy cause at best. It is reasonable 

suppc^*^ ♦hat *"he most susceptible portions of 

? homogeneity in the iron, it is 
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probable that the places or spots most favorable to chemical attack 
will suffer first. 

Qrooving. Grooving is probably the result of straining, spring- 
ing, or buckling of the plates, aided by local corrosion or by the same 
forces which cause pitting. Straining of the plates may be due to 
insufficient or improper staying, thus causing the plates to spring 
back and forth as the steam pressure varies. This phenomenon is 
most commonly found in stationary boilers of the Cornish or Lanca- 
shire types appearing in the flat end plates around the edge of the 
angle iron, or in the root of the angle iron. Too rigid staying of 
the ends by gussets or diagonal stays, or too great a difference in 
expansion between different parts, is almost sure to produce grooves. 

When a sheet of a boiler is flanged to a small radius, as in some 
forms of boiler construction, like the head of a shell, it is conmionly 
supposed that a "breathing" action takes place (due to variations 
of internal pressure and heat stresses) which sets up "fatigue** of the 
metal, concentrating this stress over a small distance in the curve 
of the flange. A crack or groove may then develop along the line 
of greatest stress and, if allowed to progress, may result in a disas- 
trous explosion. The best boiler designers recognize this as a most 
important item to be considered, and overcome the grooving tend- 
ency by providing long radius flanges. 

Internal grooving may be caused as the direct result of excessive 
calking, which, by injuring the surface of the metal, exposes it to the 
corrosive action of the feed water. It is to be expected that if 
strains which cause the plates to come and go are set up in the boiler 
— especially if the stresses can be concentrated along a definite line 
— a weakness will be developed there, and it will be a susceptible 
point for chemical attack. Sometimes grooving is so fine as to 
appear to be a mere crack. But the crack, although perhaps only 
i?j inch in width, may extend into the plate for a considerable depth. 
Grooves are not readily detected and, if allowed to continue for any 
length of time, are likely to produce serious results. 

Prevention. The best way to prevent internal corrosion is to 
use water that has no corrosive effect on the plates. If internal cor- 
rosion has begun, a change of feed water may prolong the life of the 
boiler, but in many instances it is cheaper to build a new boiler than 
to change the water supply frequently. Sometimes the introduction 
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of a thicker plate at places where the water is found to be most active 
will be advisable; but, as these plates are stronger than the rest of 
the boiler, the strains will not be uniformly distributed, and stresses 
are likely to concentrate along the edge of this heavy plate, which will 
be a susceptible point for the formation of grooves. 

The acidity of the feed water may be neutralized by some alka- 
line substance, such as soda, before it enters the boiler. The amount 
of soda to be used varies with the acidity of the water; but it should 
always be used in the smallest possible quantity, as the soda is likely 




to produce priming in the boiler and will be injurious if there is much 
salt present. Veg»(table oils should not be used for cylinder lubri- 
cation if the condensation is to be fed back to the boiler, as such oils 
contwn acids which will always produce injurious effects. Mineral 
oils alone should be used. 

To allow for a general corrosion, A inch to ft inch extra thick- 
ness of shell should be provided. All seams of a boiler should be 
tight, and no welded tubes should be used, as pitting and grooving 
are likely to occur in the vicinity of the weld. When not in use, no 
moist air should be allowed in the boiler. A bolter can be thoroughly 
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dried out either by the application of heat or by putting lime into it, 
which will readily absorb the mobture. 

The water fed to the boiler should be thoroughly filtered to 
remove as much grease as possible, for, although mineral oil is not 
likely to cause pitting, it has a serious effect m other wajb 

Tube Stoppers. It frequently happens when fire tube boilers 
are under pressure that leaks occur in the tubes through pitting 
defective welding, or the development of cracks Formerly, when 
this occurred, the fire was drawn and the ends of the tube plugged 
with hardwood bungs driven hard home or with iron plugs calked 
in. With high pressures, such procedure is impossible Tube 
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Els. 38. Type of Tube Stopper Usii 



stoppers used for high pressure are joined together by a tie-rod of 
some sort. They are usually wedge-shaped; and the tie-rod, passing 
through the stopper at one end, with a plug at the other end, can be 
screwed tight up. 

The simplest form of stopper has to be inserted from the rear, 
and necessitates drawing the fire; but Fig. 37 illustrates a stopper 
which can be inserted without drawing the fire. At the end of the 
rod is hinged a folding bung, which can be passed through the tube 
and which opens out in the combustion chamber before being pulled 
into position. At the smoke-box end of the boiler, an india-rubber 
washer, pressed between two pieces of metal, affords temporary 
protection while the plug is being put in position. The stopper can 
theu be screwed up tightly with a handle provided for that purpose. 
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Fig. 38 illustrates another arrangement which can be inserted 
in the leaky tube without drawing the fire. The ends, being in the 
form of stufiing glands, press an asbestos packing hard against the 
side of the tube. 

INCRUSTATION OR SCALE FORMATION 

Causes in QeneraL The incrustation formed by the accumu- 
lation of the deposit of sediment in the feed water is called scale or 
sludge. The solid matter in the feed water may be precipitated by 
the rise in temperature, or left behind as the result of the evaporation 
of the water. Some of these precipitates remain soft and can be 
blown out, while others deposit as hard scale, especially where the 
heat is most intense. A thin coating of scale in itself is beneficial, 
for it keeps the water from direct contact with the iron, and prevents 
corrosion and pitting; but the danger is that if a thin scale forms, a 
thicker one will form, and this heavy scale, being a poor conductor 
of heat, not only causes considerable waste of fuel, but allows the 
plates next the furnace to become overheated, with the result that 
they are likely to give way, and the boiler may collapse or bag. 

The amount of solid matter held in solution is measured in 
grains per gallon. The quantity varies greatly in waters from 
different sources, but is seldom over 40 grains per gallon. It is not 
the quantity of matter in solution, but its nature, that determines 
the influence of feed water. With proper attention to the boiler, 
the presence of a certain amount of carbonate or sulphate of soda 
would not be injurious; while the same number of grains per gallon 
of salts of lime would cause serious trouble. Salts of lime (calcium), 
together with carbonate of magnesia, are the solids most frequently 
found, and are the most troublesome. Hard water contains con- 
siderable quantities of lime. So-called soft water has usually but 
little solid matter in suspension, but it may contain vegetable or 
organic impurities that will cause corrosion or pitting. 

OiL The oil used in the engine is likely to get into the boiler 
through the feed water, if it is not carefully filtered or passed through 
a grease extractor or oil separator. The oil is likely to be deposited 
on the sides and tubes of the boiler, and not only is a poor conductor 
of heat but, mingling with the sediment which is precipitated from 
the hot water, produces a mixture which is readily baked on to the 
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boiler plates and is especially obstinate and difficult to remove. 
Because this oily deposit resists heat transmission, the metal adjacent 
to it may become overheated and fail to withstand the boiler pres- 
sure and give away. These failures are often very costly to both 
life and property. There are elBScient oil separators now on the mar- 
ket, which will remove practically every trace of oil. 

Carbonate of Lime. Carbonate of lime is held in solution in 
water by an excess of carbondioxid. As the water is heated, the 
excess of carbondioxid, or carbonic acid, is driven off, and the 
carbonates will be precipitated in the form of a whitish or grayish 
sediment of the consistency of mud. If these precipitates are not 
mixed with impurities, they may be washed out of the boiler after it 
has been allowed to cool; but if there is oil, organic matter, or sul- 
phate of lime, the deposits are likely to become hard. They may 
readily be drawn off through the bottom blow-out; but if there is 
much pressure in the boiler, the blow-out valve should be opened 
only for a very short time. If a considerable amount of water is 
blown out while the boiler is still very hot, a large part of this pre- 
cipitation is likely to be baked on to the tubes and interior of the 
boiler in a manner that defies removal. Short and frequent blow- 
ings will accomplish the desired result; for while the boiler is in 
action these precipitates are more or less in motion, and frequent 
blowing will keep the boiler clear. Oil and various organic matters 
rising to the surface can easily be removed by frequently opening 
the surface blow-out. 

Sulphate of Lime. This troublesome salt, like the carbonate of 
lime, is precipitated with a rise of temperature; and at 280° F. none 
is left in solution. This sediment is likely to form a hard, adhering 
scale; but if a little carbonate of soda, or soda ash, is introduced with 
the feed water, calcium carbonate is precipitated in the form of a 
white powder which can be readily washed out. The carbonate of 
soda should be introduced at regular intervals, a portion of it being 
dissolved in water which can be mixed with the feed in the hot well. 
As little soda as possible should be used, as it is likely to cause prim- 
ing and foaming. The hardness of the scale formed by the sulphate 
of lime depends on the other impurities in the water and on the 
temperature, and consequently the amount of soda that can safely 
be used can be determined only by trial. Ammonium chloride, 
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commonly called sal-ammoniac, is sometimes used to break up these 
lime compounds, but is not always desirable, as it may break up the 
chlorides if other conditions are right, thus forming free chlorine, 
which attacks the boiler. 

Carbonate of Magnesia. Carbonate of magnesia is seldom 
found in such large quantities as calcium salts. Like the carbonate 
of lime, it is precipitated in hot water. If there is any oil or organic 
matter present, it is likely to form an injurious precipitation. 

Iron Salts. Iron salts form a reddish incrustation which is very 
injurious to boiler plates. Brackish water containing chloride of 
magnesium is also injurious; for, when heated, the chloride decom- 
poses, forming magnesia and hydrochloric acid, the latter rapidly 
corroding iron. 

A piece of thick scale broken from the plates of the boiler will 
show a series of layers of various thickness, some of them crystalline 
and some amorphous. Between these hard layers are frequently 
found layers of soft or earthy matter. 

Nothing definite is known in regard to the loss of heat caused by 
scale on heating surfaces, for there are too many circumstances to be 
considered to admit of exact calculation. It has been stated that a 
layer Jg inch thick in the tubes of multitubular boilers is equivalent 
to a loss of from 15 to 20 per cent of fuel. The loss increases rapidly 
with the thickness of the scale. A uniform coating of scale is not 
nearly so harmful as irregular deposits, for in the latter case the evil 
effects of overheating are likely to be produced, and overheating will 
result where it is least suspected. 

Prevention. Chemical Precipitation, Incrustation may be pre- 
vented by precipitating the scale-forming substances before the feed 
water reaches the boiler, by the introduction of chemical compounds 
to neutralize the evil effects, or by removing the sediment before it 
becomes hard. 

Removal by Hand. Scale may, of course, be removed by hand 
from the interior of the boiler, but this is a slow and tedious process. 
One of the chief objections to removing scale by hand is that the 
surfaces of the boiler are likely to become abraded by the chipping 
tools, and this offers excellent opportunity for pitting and local 
corrosion to set in. 

Turbine Tube Cleaners. Scale deposits on the heating surface 
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louers give rise to the design and use of many devices for tni 
removal of scale hy mechanical means. When dealing with water- 
tube boilers, as the scale is deposited on the inside of the tube, the 
device can usually be applied directly on the deposit and the affected 
surface thoroughly cleaned. The device employed is generaUy an 
air-, steam-, or water-driven turbine which, in rotating, swings 
arms bearing cutters against the scale and interior tube surface. 
When a fire-tube boiler is to be cleaned of scale, the process is either 
to scrape it off by hand or to knock it off by inserting a water- or 
steam-driven rotating turbine hammer on the inside of the tube. 

Fig. 39 illustrates a turbine cleaner suitable for water-tube 
boilers. This cleaner is water driven, the rotating effect being 




obtained by the reaction of the blades — shown just within the cyl- 
indrical head — when water under pressure is delivered by means 
of a hose to the opposite end of the head. The cutters are carried 
on arms which are pivoted on pins carried on the central spindle; 
thus the cutter arms are thrown outwardly by centrifugal force. 

Contraction and Eyrpansion. Scale has sometimes been removed 
by blowing the boiler off at comparatively high pressure, and then 
filling it with cold water. This causes a severe contraction of the 
plates, and is likely to loosen the scale; but it will at the same time 
cause serious injury to the boiler, and is a practice that should not 
be tolerated. 

Blaw-Out Apparatus. After the impurities are deposited in the 
boiler, the soft precipitates may be remo\-ed through the blow-out 
apparatus. When a boiler is let down it should be cooled slowly, and 
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then the water may be drawn off and the boiler properly washed 
and scraped. A considerable amount of heat b abstracted from 
the boiler by frequent blowing off, and this is a matter of direct 
loss, but the loss is not as great as that caused by the formation 
of scale, 

Boiier Compounds. Water may be purified to a certain extent 
by passing it through a purifier before allowing it to enter the 
boiler. The carbonate and sulphate of lime are precipated at the 
same time that the water is heated. The purifier was referred to 
under the topic of "Feed-Water Heaters", The use of soda for 
the neutralization of sulphate of lime has already been spoken of; 
but various compounds are on the market for overcoming the evil 
effects of other solids; and it is possible, by an analysis of the feed 
water, to prescribe a boiler compound that will give satisfactory 
results. Cheap compounds, sold without reference to the analj'sis 
of the feed water, should be avoided. Caustic soda may be used 
instead of the carbonate but should be used in small quantities. 
A rapid circulation of the water will prevent the formation of 
scale, the setliment being swept from the tubes or shell into the 
mud drum, whence it may be blown off. This is one of the chief 
advantages claimed for water-tube boilers. 

Eledrolf/lic Aciion. Zinc plates have been used frequently to 
prevent corrosion and incrustation. The brass fittings are likely 
to set up a giihanic action with steel plates; but if the zinc is put 
in, it will l)e acteii upon instead of the iron, which otherwise might 
be rapidly wastetl. It is claimed that this galvanic action prevents 
the formation of scale hy liberating hydn^n at the exposed sur- 
faces. The zinc neutralizes the free acids, by combining with them, 
and takes the place of iron ia causing predpitation of copper salts 
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not only by the explosion itself but also by the fire which almost 
invariably follows such an occurrence, too great emphasis cannot 
be laid on the boiler being in proper working condition. 

Strictly speaking, failure of a pressure part of a boiler consti- 
tutes an explosion, provided the failure is such as to release steam 
and watec from its natural confinement. There are literally hun- 
dreds of explosions every year in the United States, the term being 
used in the sense just given; many of them are of little pecuniary 
importance though the inconvenience may be considerable. On the 
other band, the aggregate of losses sustained by owners during a 
year by reason of minor explosions is astonishing and quite impoi^ 
tant. These failures differ in magnitude only from the more serious 
explosions having the same causes and the same preventives. 

Boiler Inspection. Alt boilers must be carefully tested — land 
boilers, by the State inspectors; marine boilers, by the United States 
inspectors. The boilers are carefully examined inside and outside 
and subjected to a hydraulic pressure test 50 per cent greater than 
the designed pressure of steam; and if there is the slightest sign of 
pitting or corrosion, the boiler plates may be drilled and the thick- 
ness calipered, the hole being refilled by a proper plug. If a boiler 
passes inspection, a subsequent explosion will probably be the 
result of mismanagement, although inspection is not infallible. 

The owner of the boiler is usually held liable, in case of explo- 
sion, but may protect himself from financial loss by insurance 
against accident in any of the boiler insurance companies. If so 
insured, the insurance inspector, as well as the state inspector, 
9 the boiler; and there- is consequently less likelihood of an 
, for an insurance inspector will naturally be exceedingly 
tareful in the interests of his company. 

Nature of Exploskins. The damage done by an explosion is 

due to the energy stored in the hot water, which energy can be 

calculated by thermodynamic methods. If a boiler contains a 

Iniw ntinntWf of Water at high pressure, and that pressure is 

U as would happen in case of rupture, a consider- 

1 ta^e volume of water will be turned instantly 

explosion will result. 

starts in a boiler plate, the steam escaping 
cning tends to diminish the pressure rapidly 
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within the boiler; and this causes the rapid formation of a large 
am6unt of steam. It must be remembered that the water in the 
boiler at high pressure is held in the form of water only because of 
the high pressure exerted on it. If this pressure is relieved, large 
quantities of water will evaporate into steam at once, without the 
application of further heat. The larger the body of hot water, the 
greater the disaster. This accounts for the relative safety of water- 
tube boilers. The division of the water in such a boiler into small 
masses in different sections, prevents a violent explosion. Should a 
water tube burn out, probably nothing more serious would happen 
than the rapid escape of a considerable quantity of steam, which might 
fill the boiler-room, drive out the attendants, and ultimately cause 
the destruction of the boiler because of the absence of water and the 
presence of a hot fire. It would be necessary for several water 
tubes to burst at once in order to cause serious damage from such 
an accident. Drums of water-tube boilers may, of course, fail the 
same as any other shell. 

Energy Developed in an Explosion. The available energy in 
one pound of hot water at 150 pounds absolute pressure and 358*^ F., 
is about 42,800 foot-pounds; that is, it is suflScient to move one 
pound nearly eight miles; and if at 250 pounds pressure, it has 
suflBcieiit energy to move it nearly twelve miles. This energy 
may be determined in the following manner: From the table of the 
properties of saturated steam, given in the back of the book, it 
is seen that at 150 pounds absolute pressure (approximately 135 
gage), the temperature is 358.5° F. The heat above freezing 
temperature contained in a pound of hot water at this temper- 
ature will be 330 B.t.u., equivalent to 330X778, or 256,740 foot- 
pounds. This represents the total heat energy in one pound of 
hot water at boiler pressure; but since one pound of steam at atmos- 
pheric pressure contains very many more heat units than a pound 
of water at 150 pounds pressure, it is apparent that only a portion 
of this water can evaporate into steam, the remaining portion con- 
tinuing as hot water. About 17 per cent of the total energy will be 
thus available in vaporizing the water into steam; or, approximately, 
42,800 foot-pounds per pound of water will be developed. The 
remaining heat is contained in the hot water. 

A cylindrical boiler 5 feet in diameter and 16 feet long is likely to 
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contain about 6,600 pounds of water and 22 pounds of steam. Neg- 
lecting the energy of the steam, which is relatively small, the energy 
in the water due to its expansion froDj water at boiler pressure into 
steam at atmospheric pressure will be approximately 6,600X42,800 
or 282,480,000 foot-pounds, or 141,240 foot-tons. 

A marine boiler 13 feet in diameter and 12 feet long would 
develop approximately twice this energy, which would be about 
equivalent to the energy developed by the explosion of a ton of 
gunpowder. The explosion of one boiler on a modem battleship 
would develop suflScient power to lift the ship completely out of the 
water. Of course it must be realized that a large part of this energy 
is not applied to any moving part of the boiler, and considerable is 
consiuned in the destruction of the boiler itself, which leaves but a 
comparatively small amount to be expended in wrecking the imme- 
diate surroimdings; but, nevertheless, it is a fact that the energy 
developed in the explosion of a large boiler is almost beyond the power 
of comprehension. 

Causes of Explosions. General Discussion of Causes, Boiler 
explosions are usually the result of low water, or the presence of 
grease or scale. The two latter, by preventing the transmission of 
heat from the water, are likely to cause undue overheating of the 
furnaces or tubes, which may result in their collapse; these two 
causes — ^grease and scale — ^have been discussed under the subject of 
"Incrustation". 

Low water may be caused by failure of the water glass to indicate 
properly the amount of water in the boiler, or by failure of the feed 
pump to work properly. 

Safety valves have been known to be rusted to their seats so 
tightly that they failed to work at the proper time. 

It is seldom that a boiler can fail as the result of defective design, 
for the laws in regard to construction, especially of marine boilers, 
are very definite. Defective workmanship or material, however, 
cannot be easily discovered; and it is possible that corrosion or 
incrustation may take place locally without being readily detected; 
and, indeed, boiler plates may even be tapped, and their thickness 
calipered, without discovering small local weaknesses which later 
may cause disaster. Minute fractures which escaped the inspector's 
detection have later become serious. Without doubt, however, the 



76 BOILER PRACTICE 

majority of explosions can be traced to mismanagement in either 
care or operation. 

Defective Design. If a boiler is improperly set, or if the stays are 
too small, too few, or cut or bent to clear floats, pipes, etc., danger is 
likely to result therefrom. All manholes, large handholes, or domes 
should be strengthened with a reinforcing plate to make up for the 
material cut out. If the boiler is set too rigidly on its seating, 
without proper provision for its expansion, trouble will probably 
follow. A defective water circulation is likely to cause excessive 
incrustation and unequal expansion of the plating, which is liable to 
open seams and produce fractures in the plates. 

Deterioration. The strength of a boiler is likely to be impaired 
by fractures, general corrosion, pitting, or grooving, but external 
corrosion is the cause of many disasters. It proceeds unnoticed in 
many cases, and rupture may occur when least expected. In the 
discussion of "Corrosion", it was shown that improper setting of the 
boiler would cause, or at least aggravate, external corrosion; and that, 
on account of the close setting of the boiler, it was not easy to get at 
the plates to examine them. The strength of a boiler originally suf- 
ficient to sustain high pressure may become suddenly reduced by 
overheating or overstressing, ^ither of which weakens the plates. 
Overheating may be caused by poor circulation, lack of water, or the 
accumulation of sediment or scale. Overstressing is caused by sud- 
den cooling and contraction, or equally by sudden expansion. In 
starting the fire in a Scotch boiler — or, in fact, in any boiler with a 
large quantity of water — care must be taken that the fire is started 
slowly, or the boiler, becoming overheated locally, will develop 
excessive stresses. 

Defects of Workmanship, Defective workmanship does not 
occur so frequently under present conditions as formerly, when many 
defects used to be produced by the careless punching of plates; but 
for most boilers, and for all marine boilers at present, punching rivet 
holes to size is prohibited; the holes are drilled in the solid plate, and 
the plate edges planed and carefully calked; or are punched small, 
then reamed or drilled with adjacent sheets tacked in position as 
when assembled. A rigid inspection of material is required, and 
there seems little danger of unsatisfactory work. Cheap boilers may, 
of course, be subject to various defects, but a good boiler should 
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be free from such troubles. Defective material may be used and 
this may not be readily detected; but careful tests reduce these 
possibilities to a minimum. 

Mismancigement. The pressure in a steam boiler may rise above 
that at which the safety valve has been set to operate, because of 
corrosion or overlo^ing of the valve. Stop valves are sometimes 
placed between the boiler and the safety valve; but this practice 
should be condemned, as it is possible that the stop valve may be 
closed when the fireman thinks the safety valve is open to the boiler 
pressure. If the size or lift of the safety valve is too small, steam 
may be generated faster than it can escape, in which case the pres- 
sure will rise in spite of the safety valve. It has been claimed that 
the blowing off of the safety valve when the boiler is under excessive 
pressure may be the cause of starting an explosion J but the reason 
why this should be so does not seem to be especially clear, and it 
seems to be improbable, if the opening of the safety valve is suflScient 
to cause a reduction in pressure. Safety valves have sometimes 
been loaded down temporarily to prevent leakage at working pres- 
sure; but such a practice is little short of criminal. If a safety valve 
leaks, it should be reground, but imder no circumstances should the 
weight on the lever be altered. 

Effect of Sudden Inflvx of Water on Hot Plates. It is a common 
idea that when the furnace plates become very hot, perhaps heated 
to redness, due to a lack of water, and the feed is turned on, a violent 
explosion is sure to follow. Experiments show that when a piece of 
wrought iron is heated to redness and plunged into a weight of 
water three or four times greater than that of the iron, a compara- 
tively small quantity of steam is disengaged. There is no reason to 
believe that this quantity would be greater if the iron were in the 
form of a boiler than in the form of a plate. If a small quantity of 
water should be admitted to the hot plates, the danger would be 
greater; and, while a boiler under this condition might explode, the 
comparatively small quantity of water in it would make the result- 
ing danger much less than it would if the boiler were under working 
conditions. 

The following experiments illustrate the action of cold water on 
hot plates. A boiler 25 feet long and 6 feet in diameter was heated 
red hot and the feed turned on. No explosion occurred; but the 
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sudden contraction of the overheated plates caused the water to 
pour out in streams at every seam and rivet hole as far as the fire 
mark extended. In another instance, the water was almost entirely 
drawn off while the fires were burning briskly. When the remain- 
ing water had been converted into steam and all the fusible plugs 
melted out, water at the rate of 28 gallons per minute in a series of 
fine jets was played on the hot plates. Such treatment may ruin a 
boiler for further service, although the boiler may not explode. 

That a tough paper or cloth is easily torn when once a tear is 
started is a well-known fact. Similarly a boiler plate may be rup- 
tured at slight pressure if a fracture has been started. 

Influence of Position of Fracture on Results of Explosion. The 
position of the fracture or hole has a great influence on the results. 
In case a large rent occurs at the top of a cylindrical boiler, the 
steam and hot water may blow out of the hole; and the boiler, if 
strongly enough seated to stand the reaction, will remain on 
its seat. The damage to the boiler would be slight. But if the 
same rent were situated on the under side of the boiler near the 
ground or floor, the effect would be very different. The reaction 
of the escaping steam would probably blow the whole boiler through 
the roof. 

Investigation of Explosion. When an explosion occurs, it should 
be investigated, not only to fix the responsibility where it belongs, 
but also to provide for and take means to prevent future disasters. 
It has been customary to attribute all explosions to low water, 
since it is an easy way to throw the responsibility from the makers 
or owners upon the fireman, who, even if living, cannot defend him- 
self. In the investigation of an explosion, the weights, shapes, posi- 
tions, and directions of the scattered pieces should be noted, so that 
their original places may be known. The original size and shape of 
the boiler and of the fittings should be ascertained as accurately as 
possible. The primary rent may be discovered from comparison 
and from deductions of the directions taken by the heavier pieces. 
Light pieces will generally take the direction of the escaping steam, 
while the heavy parts take an opposite direction — ^that of the reac- 
tion. A careful examination of the pieces, noting the age of frac- 
tures, thickness of plates, amount of corrosion, condition of plates, 
etc., will generally show the cause. A test of the plates will in many 
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cases show a softening or yielding to the pressure and excessive 
thinness caused by bulging. 

Preventive . Measures. The means taken ^to prevent boiler 
explosions from most of the previously mentioned causes have 
already been given. It is of primary importance that at the start 
only a well-designed and well-made boiler should be used. The mat- 
ter of type is not of so much importance^ but it is well to use a water- 
tube boiler in large cities or in buildings where many people are 
employed. There are many methods, some of which have been 
discussed, that are taken to prevent deterioration by corrosion, 
fracture, etc. Proper setting is of great importance in this matter. 
Mishaps from mismanagement may be greatly lessened by the 
employment of licensed attendants. A boiler should never be in the 
hands of a man who is not thoroughly competent to run it. The 
most effective method to prevent explosions is the law of the State, 
compelling regular, thorough inspection and licensed firemen. The 
inspection by the boiler insurance companies is also an efficient 
method. 

During a period of eleven and one-half years, 70,000 boilers were 
inspected by boiler insurance companies. It was estimated that 
there were 140,000 in use during that time. Of the inspected boilers, 
there were 23 explosions and 50 collapses, resulting in 27 deaths 
from explosions, and 28 deaths from collapses. The accident rate 
was 1 in 10,000; and the death rate, 1 in 13,000. The uninsured 
boilers did not make so good a showing, the death rate being 1 in 
5,000 boilers, or nearly 3 times as high as among the insured boilers. 

SMOKE PREVENTION 

Essence of Cure for Smoke. For a detailed explanation of the 
principles entering into the subject of smoke prevention the student 
is referred to the Instruction Paper, "Chemistry of Combustion", and 
to the several other works intended to cover the topic fully. The 
natural laws pertaining to the subject have been well-known for many 
years and, while they have been variously stated by different writers, 
their substance can be expressed* briefly in the following words: 

"Any fuel can be burned economically without the creation of 
smoke, provided sufficient air is mixed with the burning gases at a 
high enough temperature to maintain combustion, and provided time 
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for the progress of the combustion process is afforded while the 
temperature is sustained." 

This simple statement includes every phase of an otherwise per- 
plexing subject. Every device used for the prevention of smoke 
either assists in fulfilling some feature of the requirements mentioned 
above, or it can have no useful purpose toward reducing smoke. 

Brief Discussion of Preventive Devices. Mechanical Stokers, 
Steam Jets, etc. The uniform charging of fuel is one of the means of 
making it simpler in other respects to prevent smoke. It is in this 
way that mechanical stokers offer the greatest assistance in pre- 
venting smoke. The construction of fire-brick arches assist by 
affording mixing facilities, and by creating high-temperature cham- 
bers in which the gases can burn before encountering the compara- 
tively cool surfaces of the boiler. Steam jets aid by intimately 
mixing the air with the gases, performing this function in a purely 
mechanical way. The introduction of air, either automatically or 
manually, over freshly charged fuel, as in hand-fired furnaces, makes 
it more easily possible for the carbon particles, which would other- 
wise escape as smoke, to seize their required quota of oxygen. 

No Single Cure Entirely SiLccessfuL To approach the matter of 
smoke prevention intelligently requires that a full understanding of 
materials and fuels shall be available. By merely providing one of 
the necessary elements of success there is the danger that some 
equally important requirement may be overlooked. To illustrate 
this point, it is only necessary to say that it is easily possible to 
arrange for the admission of entirely too much air into the com- 
bustion chamber, with the effect that the temperature of the whole 
space may be reduced below a desirable point, and then the results 
may be very unsatisfactory. In other words, enough air is quite 
desirable, but it is easy to exceed the desirable quantity. Even 
though such means might solve the smoke problem in one particular 
instance, the result might still be economically bad. 

The construction of fire-brick piers and arches may be carried 
out to such an extent that serious restrictions to the gases are created, 
and the available chimney will in that case fail to supply the required 
amount of air through the fuel bed. There is the possibility, also, 
that the gain from the use of complicated and expensive arches may 
be more than offset by the cost of keeping them intact. 
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Effect of Municipal Regulations, The public, in large cities 
especially, are demanding that smoke shall be avoided, and in 
several notable instances, especially in Chicago, Milwaukee, Cleve- 
land, and Detroit, the smoke bureaus of the city governments have 
educated groups of men who have specialized in the art of smoke 
prevention. Wherever it becomes obligatory to comply with a 
city regulation aimed against smoke, the means taken in the com- 
munity to accomplish the desired end can be explained by the offi- 
cials of that community. It is well to remember that the means 
which are successful in one locality are not necessarily so in another. 
The difference arises from the difference in fuels. 



FUELS AND FUEL ECONOMY 

HEAT VALUE OF FUELS 

There are various kinds of fuel used in steam production, loca- 
tion, cost, and the exigencies of the case being the deciding factors. 
Usually the kind of fuel is determined upon, and the boiler designed 
for its use. Sometimes, however, the fuel must be adapted to the 
boiler. 

CoaL Coal is not only the most important fuel, but in many 
localities the only one available. It is of vegetable origin, being the 
long-decayed product of ancient forests. Frequently it occurs so 
mixed with earthy matter as to be of little value; but the supply of 
good coal is still abundant, and likely to be so for many years to come. 

The most important elements in coal are hydrogen, producing 
62,000 B.t.u. per pound, and carbon, producing 14,500 B.t.u. per 
pound. Although several coals may have the same total percentage 
of combustible material and ash, the heat values may not be the 
same, because heat value depends upon the amounts of available 
hydrogen and carbon they contain. The heat value of fuel is 
determined by chemical analysis, or by calorimetric test, and varies 
for coals from different localities. Table I is compiled from 
several sources. 

In practice, no fuel delivers results up to its theoretical evapo- 
ration value. On account of several losses which are inevitably 
incurred, all of the available heat of the fuel is not converted into 
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TABLE I 
Analyses and Heat Values of Various Coals 



Kind of Coal 


Per Cent 
OF Ash 


B.t.u. Peb Lb. 
Dry 


Penn. Anthracite, Large 


5.97 
11.60 
11.47 

5.57 
10.70 
11.43 
12.42 

8.00 

9.79 
15.94 
12.45 
10.77 

9.91 
12.11 
11.63 

8.37 


13720 
12100 
13547 
14959 
13628 
11727 
10807 
13375 
12911 
11963 
13144 
13036 
10678 
U036 
10600 
12641 


Penn. Anthracite, No. 1 Buckwheat 


Penn. Semi- Anthracite 


W. Va. Semi-Bituminous, Mine Run 


Ala. Bituminous, Mine Run 


111. Bituminous, Frankhn Co., Egg 


111. Bituminous, Macoupin Co., Mine Run 

Ind. Bituminous, Brazil Co., Block 


Ind. Bituminous. Knox Co.. Mine Run 


Iowa Bituminous, Lucas Co., Mine Run 


Kan. Bituminous, Cherokee Co., Lump 

Kv. Bituminous, Hopkins Co., Mine Run 


Colo. Lignite, Boulder Co 


N. Dak. Lignite, McLean, Lump 


Tex. Lignite, Wood Co 


Wvo. Lignite, Crook Co 





energy in the steam. The admission of too much air into the fur- 
nace, either through the doors or through cracks in the setting, 
reduces the actual evaporation. Improper firing causes consider- 
able loss; and errors in design, construction, or setting of furnaces 
and boilers all contribute to the losses. 

The different kinds of coal a-re too numerous to be easily 
named, but in general they may be classified as anthracite or 
bituminous, commonly called hard or soft, respectively, of which 
there are various subdivisions. 

Anthracite, Anthracite coal consists mainly of carbon, with a 
small amount of hydrocarbon and considerable ash. Good anthra- 
cite is lustrous, hard, and flinty, but breaks up easily under high 
temperature. It burns with very little flame and smoke and gives 
an intense heat. It does not ignite so readily as the softer varieties 
of coal but, once started, the fire requires less attention. It is an 
excellent fuel where the production of smoke is a decided objection. 

Semi' Anthracite. This is a coal between pure anthracite and 
semi-bituminous. It is not so hard as anthracite and burns more 
freely. It is not so compact as anthracite and burns with a short 
flame, the anthracite having practically no flame, 

Semi-Bituminous. This is the next softer grade of coal. It 
burns more freely than either anthracite or semi-anthracite, contains 



BOILER PRACTICE 83 

more volatile hydrocarbon, and is a valuable coal for steaming pur- 
poses. The ash content is low and its heat value high. It is lus- 
trous and has a very granular fracture. 

Bituminous. Bituminous coal forms by far the larger portion of 
steam coal. It contains a large but varying amount of hydrocarbon 
or bituminous matter. Unless fired with care, it will produce a con- 
siderable amount of smoke and clinkers. 

Dry Bituminous. This is a black coal with a resinous luster. ^ 
It burns freely, and kindles with much less difficulty than the anthra- 
cites. It is hard, but is easily splintered. When burning, it gives a 
mpderate amount of flame, with but little smoke, and does not cake. 
It is found chiefly in Maryland and Virginia. 

Caking Bituminous. This contains less carbon and more hydro- 
carbon than the former class. It is not so black; is more resinous; 
and, under intense heat, readily forms into a solid, pasty mass. 
Unless frequently broken up, this pasty mass forms a blanket over 
the grate, and checks the air supply. Caking bituminous is a 
valuable coal for the manufacture of gas. It is mined chiefly in the 
Mississippi Valley. 

Cannel. Cannel, or long-flame bituminous coal, produces a 
considerable quantity of smoke. It is mined chiefly in Penn- 
sylvania, Indiana, and Missouri; and is a free-burning coal, with 
a strong tendency to cake. It is largely used for open-grate 
purposes. 

Lignite. Lignite, or brown coal, is intermediate between coal 
and peat. It is made up mostly of carbon, with a large percentage of 
moisture and some mineral matter. Poor varieties are of little value. 
Good lignite kindles with ease, and burns freely. It is not a very 
good fuel, but is used in some localities where other varieties are 
more expensive. It comes largely from Colorado, Texas, Washing- 
ton, and the Dakotas. 

Peat. This is a form of fuel consisting of decayed roots, tree- 
trunks, etc., and earthy matter. It is found in swamps and bogs, 
and has been in process of decomposition a much shorter time than 
any of the coals. It is cut out in blocks and dried. Peat has a 
specific gravity of .4 to .5, but it can be compressed to a much greater 
density. It is necessary that peat should be kept in a dry place, for 
it will readily absorb moisture. 
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G)ke. Coke is made by driving t)flf by heat the hydrocarbon of 
bituminous or semi-bituminous coals. It may be made in gas retorts, 
as a by-product of gas production; or it may be made in coking ovens, 
the gas being the by-product. The latter form of coke is more valu- 
able as a fuel. If the coal is very moist, or if steam is used in the 
coking process, as in the manufacture of water gas, the sulphur is 
burned out. Coke burns without flame, and, with a free supply of 
air, will make an intensely hot fire. 

Charcoal. Charcoal is practically never used for steam fuel, its 
chief use being for household or manufacturing purposes. It is 
made by evaporating the volatile matter from wood, either by partial 
combustion or by heating in retorts. About 50 bushels of charcoal 
can be obtained from a cord of wood. 

Culm. This is a name given to refuse dust at the coal mines, 
sometimes called slack. It can be bought at the mines at a very low 
rate; but the cost of transportation prohibits its use except in the 
immediate vicinity of the mines. On account of its fineness, it can- 
not be burned on an ordinary grate, and is sometimes blown into 
the furnace with a sufficient quantity of air, where it burns some- 
what like a gas. A grate beneath usually contains a moderate fire, 
which keeps the culm well ignited and prevents the loss of any par- 
ticles that might otherwise drop out of the furnace. 

Wood. There are two principal divisions of wood — ^hard wood, 
which is compact and comparatively heavy, such as oak, ash, and 
hic^kory ; and soft wood, which is of soft and porous texture and of less 
specific gravity, such as pine, birch, and poplar. Wood contains 
considerable moisture, even if left to season in a dry place; and after 
being thoroughly dried, it will absorb and retain from 10 to 20 per 
cent of moisture. Kiln-dried wood contains nearly 8000 B.t.u. per 
pound, while the average wood which contains about 25 per cent of 
moisture, has a heating value of about 6000 B.t.u. 

The chemical composition of different woods is nearly the same, 
and, pound for pound, one class of wood contains about the same 
heating value as another. Pine weighs about half as much as oak 
per cubic foot, and a cord of such wood contains about half the heat- 
ing value that a cord of oak would contain. 

Sawdust and shavings are frequently used as fuel in sawmills 
and planing mills. This kind of fuel is blown into the furnace by 
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air from a fan, and makes an intense heat. A fine grate at the bot- 
tom collects the burning embers, which might otherwise drop into 
the ash pan. In mills where sawdust and shavings are used, they 
are a by-product. 

Straw. Threshing machines through the West use straw almost 
entirely for fuel. It gives an intense heat, furnishing 5000 to 6000 
heat units per pound; and this is a quick and easy way to get rid of it. 

Bagasse. Bagasse is the fibrous portion of the sugar cane left 
after the juice has been extracted. In the modem process of sugar 
manufacture, the cane is pressed so tightly that it is ready for fuel 
without further treating. Under favorable conditions it forms an 
excellent fuel. The pressed cane is a by-product which must in 
some way be got rid of. It is usually fed into the furnace through 
an automatic hopper; or it may be dumped in the fireroom and fed 
into the furnace by hand. The furnace is constructed of brick, inde- 
pendent of the boilers; and when bagasse is consumed at a high tem- 
perature, the oxygen contained in it is nearly sufficient to satisfy the 
carbon and hydrogen, so that little air from the outside is 'required. 
Such material, of course, cannot ,!be fed into an ordinary furnace. 

Liquid Fuels. These consist of petroleum and its products, and 
their use has become quite extensive in the last few years. The field 
would undoubtedly be wider were there less difficulty in obtaining a 
regular and constant supply. The greatest quantities of petroleum 
oil are produced in the United States and Russia. Large quantities 
are found on the Pacific Coast, especially in Southern California; and 
in that section of the country, oil is used as fuel to a greater -extent 
than in the East, being largely used on tugboats, ferryboats, and 
locomotives. 

The following, approximately, is the composition of petroleum: 

Carbon 82 to 87 per cent 

Hydrogen 11 to 15 per cent 

Oxygen A to 6 per cent 

The theoretical heat value of petroleum is approximately 
20,000 B.t.u. per pound, which is nearly half as much again as that 
of good coal. Oil has a further advantage over coal, in that no 
unburned fuel necessarily passes through the furnace, and there is 
no ash — an important item in marine work. 
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TABLE II 
Evaporative Power of Oases 



Quantity 


Natural 
Gas 


Coal 
Gas 


Water 
Gar 


Producer 
Gab 


Cubic feet of eas 


1000 
893 


1000 
591 


1000 
262 


1000 
115 


Pounds of water evaporated 



The composition and specific gravity of petroleums vary con- 
siderably, many of the lower grades being imsafe on account of 
their low flash-point. 

Qas. Gas has many advantages over any other kind of fuel. 
There are four different varieties — natural gas, coal gas, water gas, 
and producer gas. Natural gas is used largely in the vicinity of 
Pittsburgh, Buffalo, and some parts of Indiana, both for illuminat- 
ing and for steam purposes. Where natural gas is plentiful, it is 
by far the cheapest fuel that can be used. 

Coal gas, made by the distillation of coal, and water gas, 
obtained by the decomposition of steam by incandescent carbon, 
have been used both for lighting and for fuel; but in most cases 
these gases may be used to greater economy directly in the cylin- 
der of a gas engine than as fuel under a steam boiler. The same 
may be said of producer gas, which is made by blowing steam and 
air through incandescent coal. 

The relative values of these gases for evaporation are shown 
in Table II. 

Experiments in Pittsburgh have shown that 1000 cubic feet 
of natural gas equals 80 to 133 pounds of coal. The coal used in 
the comparison varied from 12,000 to 13,000 B.t.u. per pound. 

The Western Society of Engineers has stated that one pound 
of good coal is equivalent in heating value to 7J cubic feet of 
natural gas. 

As in the case of petroleum, the economy of burning gaseous 
fuels depends upon the locality. 

Artificial Fuels. Waste charcoal, coal, or wood sawdust are 
frequently compressed into briquettes in which pitch or other 
adhesive substances form the binder. When properly made^ they 
can be stored and handled in a very satisfactory manner, often 
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being of better fuel value than the base fuel which enters into 
the manufacture. Briquetting has not thus far been extensively 
resorted to because the natural fuels have been plentiful enough to 
obviate the necessity of employing the reclaiming of waste fuels 
which affords the best reason for resorting to this form of fuel 
manufacture. However, it is certain that for domestic use, at 
least, briquetted fuel will become increasingly familiar. In this 
field briquettes offer an ideal fuel, being attended by no new 
burning difficulties while overcoming the customary disadvantages 
of dust, smoke, soot, and clinkers, where the natural fuels are 
unsatisfactory in these particulars. 

Pulverized Coal. As a result of extensive progress in cement 
manufacture where pulverized coal found its first successful large 
application, the general use of pulverized coal has improved to a 
large extent in other directions so as to displace gas and oil in 
special metallurgical furnaces and in connection with steam gen- 
eration. In the field of steam engineering the installations are 
thus far relatively few, but the art of using coal in this form for 
that purpose is now understood in all of its main aspects, while 
the results prove to be economically good enough to warrant the 
cost of preparation. 

It has been known for many years that pulverized coal 
could be burned in very much the same way that oil is burned, 
but a few elements were not fully appreciated as to their 
importance, thus operating against a wider use of this system of 
fuel burning. 

The steps of main importance where pulverized coal is i)re- 
pared and burned include the following: 

(1) A receiving hopper from which the natural coal is con- 
veyed to a crusher and thence moved to a storage bin. 

(2) A magnetic metal removing device to take foreign metal 
parts out of the coal to be pulverized. 

(3) Drying crushed coal to less than 1 per cent of moisture 
preparatory to pulverizing to a fineness of 85 per cent through a 
200-mesh screen. 

(4) The mechanical conveyance to a pulverized coal bin and 
from thence as needed in measured quantities to the burner head. 
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(5) The introduction of fan-driven air of correct quantity 
carrying the pulverized coal in suspension into a fire-brick com- 
bustion chamber. 

(6) Facilities for the precipitation of slag and its removal from 
the fiu'nace chamber. 

(7) Contrivances for adjusting the rates of coal and air 
delivery and varying the furnace draft so as to carry the burning 
gases out of the furnace and through the boiler setting. 

In connection with all these items, it must be considered that 
pulverized coal is highly inflammable when air quantities are 
correct for its combustion and carrying more than 1 per cent of 
moistiu'e cannot easily be screened or moved mechanically. 

BOILER PERFORMANCE 

HORSEPOWER OF BOILERS 

Boiler Horsepower Unit. The unit which we call boiler horse- 
power is arbitrary. This unit for boilers has been adopted on the 
assumption that 30 pounds of steam are required per horsepower 
per hour for an average engine. 

One boiler horsepower is the evaporation of 30 pounds of 
water per hour, from a temperature of 100° F. into steam at 
70' pounds gage pressure. This is practically equivalent to the 
evaporation of 34J pounds per hour from and at 212® F. 

Significance of Boiler Horsepower. Strictly speaking, the term 
boiler horsepower is a misnomer, for the factor it is usually 
intended to represent is not power at all. The reader who imder- 
stands the exact physical significance of the term energy will 
recognize that boiler horsepower is really a term applied to the 
amount of energy transfer or absorption, the original source 
being the energy released by the burning of fuel. Conmoton use 
fixes the meaning of the phrase so no serious diflSculty results. 

It is also well to distinguish clearly the difference between 
boiler horsepower and the still more inexact term size of a boiler. 
The former has to do with something that actually occurs, while 
the latter refers to the probable ability of the boiler to deliver 
a performance under average conditions. It is best to use the 
expression boiler horsepower rating in the latter case. 
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As all boilers do not generate steam at the same pressure 
and from the same temperature of feed water, it is necessary to 
reduce the actual evaporation to an equivalent evaporation. 
Unless this is done, the relative performances of boilers cannot be 
compared. 

For this comparison, the actual evaporation is reduced to the 
equivalent evaporation from and at 212° F., that is, we suppose 
the water to be fed at 212° F. and evaporated into steam at 
212° F. 

Let W be the water actually evaporated in pounds; H, the total 
heat of steam above 32° F., at actual absolute pressure; T, the 
temperature of feed water; and w, the equivalent evaporation from 
and at 212° F. 

Since 970.4* B.t.u. are necessary to evaporate one pound of 
water from and at 212° F., the equivalent evaporation may be found 
from the formula 

W(H+32-T)=970Aw 
or 

W(H+32-T) 

w= — ^^ 

970.4 

Then the horsepower of the boiler is 

n. p. = 



34.5 



The above method is considerably shortened by substituting for 
the quantity — — , the number found in Table III, which cor- 

responds to the actual feed-water temperature and steam pressure. 

For example, a boiler is required to furnish 2100 pounds of 
steam per hour. If the gage pressure is 80 pounds, and the feed 
water enters at 50° F., what is the equivalent evaporation, and what 
is the horsepower? 

From Table III, the factor for 80 pounds pressure and 50° F. is 

1.2028. Then the equivalent evaporation would be 1.2028X2100, 

2525 9 
or 2525.9 pounds; and ' equals 73 (approximate) horsepower. 

o4.0 



"(Thia value is taken from Marks and Davis' "Steam Tables and Diagrams", now commonly 
aooepted (1918). 
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Measurement of Moisture in Steam. Steam from a boiler is 
generally accompanied by more or less moisture. This, being 
mechanically suspended in the steam, cannot readily be measured 
without the use of special apparatus. An instrument by means of 
which the percentage of moisture in steam can be determined is 
generally called a calorimeter. There are several different types 
of this instrument, only three of which will be described. 

Barrel Calorimeter. This was invented by the distinguished 
engineer, G. A. Hirn, and is not only one of the earliest of these 
devices, but is by all means the simplest and most inexpensive form 
of calorimeter in practical use. It is shown in Fig. 40. The essen- 
tial apparatus consists simply 
of a barrel holding about 400 
pounds of water, and scales for 
weighing. A pipe, with suitable 
connections leading from the 
boiler or steam main, conveys 
the sample of steam to be tested. 
This pipe should be provided 
with a valve, and on the end 
should be a piece of rubber hose 
which can be readily inserted in 
the barrel or removed. The 
principle of this calorimeter is 
extremely simple. As steam 
flows through the pipe, it is con- 
densed by the water in the barrel, and the increase in the weight of 
the barrel after the test indicates the total amount of moist steam 
condensed, while the rise in temperature of the water in the barrel 
is an exact measure of the quantity of heat obtained from this 
moist steam. 

Table IV gives the number of B.t.u. in dry steam and hot 
water at various temperatures and pressures; and with this data and 
the previously mentioned observations made in the barrel, the per- 
centage of steam and moisture can be readily determined. 

The sampling pipe usually projects into the steam main a few 
inches, the end being perforated so that the sample will be drawn 
from a point near the middle of the pipe. An agitator should be 




Fig. 40. Barrel Calorimeter 
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TABLE IV 
Properties of Saturated Steam 



Taken with 


permission from Marks and Davis' "Steam Tables and Diagrams"* published 






by Longmans, Green »ad Company. 






Prbssurb 


Tempeb- 


Specific Vol- 


Heat of 


Latent Heat 


Total Heat 


Pbessukk 


Pounds 


ATUKE 


ume Cu. Ft. 


THE Liquid 


OF EVAP. 


OF Steam 


Pounds 


Absolute 


Degbees F. 


PEB Lb. 


B.t. u. 


B.T. u. 


B. t. u. 


Absolute 


2 


126.15 


173.5 


94.0 


1021.0 


1115.0 


2 


4 


153.01 


90.5 


120.9 


1005.7 


1126.5 


4 


6 


170.06 


61.89 


137.9 


995.8 


1133.7 


6 


8 


182.86 


47.27 


150.8 


988.2 


1139.0 


8 


10 


193.22 


38.38 


161.1 


982.0 


1143.1 


10 


12 


201.96 


32.36 


169.9 


976.6 


1146.5 


12 


14 


209.55 


28.02 


177.5 


971.9 


1149.4 


14 


*14.7 


212.0 






970.4 




14.7 


16 


216.3 


24!79 


isii 


967.6 


ii52.6 


16 


18 


222.4 


22.16 


190.5 


963.7 


1154.2 


18 


20 


228.0 


20.08 


196.1 


960.0 


1156.2 


20 


22 


233.1 


18.37 


201.3 


956.7 


1158.0 


22 


24 


237.8 


16.93 


206.1 


953.5 


1159.6 


24 


26 


242.2 


15.72 


210.6 


950.6 


1161.2 


26 


28 


246.4 


14.67 


214.8 


947.8 


1162.6 


28 


30 


250.3 


13.74 


218.8 


945.1 


1163.9 


30 


32 


254.1 


12.93 


222.6 


942.5 


1165.1 


32 


34 


257.6 


12.22 


226.2 


940.1 


1166.3 


34 


36 


261.0 


11.58 


229.6 


937.7 


1167.3 


36 


38 


264.2 


11.01 


232.9 


935.5 


1168.4 


38 


40 


267.3 


10.49 


236.1 


933.3 


1169.4 


40 


42 


270.2 


10.02 


239.1 


931.2 


1170.3 


42 


44 


273.1 


9.59 


242.0 


929.2 


1171.2 


44 


46 


275.8 


9.20 


244.8 


927.2 


1172.0 


46 


48 


278.5 


8.84 


247.5 


925.3 


1172.8 


48 


50 


281.0 


8.51 


250.1 


923.5 


1173.6 


50 


52 


283.5 


8.20 


252.6 


921.7 


1174.3 


52 


64 


285.9 


7.91 


255.1 


919.9 


1175.0 


54 


56 


288.2 


7.65 


257.5 


918.2 


1175.7 


56 


58 


290.5 


7.40 


259.8 


916.5 


1176.4 


58 


60 


292.7 


7.17 


262.1 


914.9 


1177.0 


60 


62 


294.9 


6.95 


264.a 


913.3 


1177.6 


62 


64 


297.0 


6.75 


266.4 


911.8 


1178.2 


64 


66 


299.0 


6.56 


268.5 


910.2 


1178.8 


66 


68 


301.0 


6.38 


270.6 


908.7 


1179.3 


68 


70 


302.9 


6.20 


272.6 


907.2 


1179.8 


70 


72 


304.8 


6.04 


274.5 


905.8 


1180.4 


72 


74 


306.7 


5.89 


276.5 


904.4 


1180.9 


74 


76 


308.5 


5.74 


278.3 


903.0 


1181.4 


76 


78 


310.3 


5.60 


280.2 


901.7 


1181.8 


78 


80 


312.0 


5.47 


282.0 


900.3 


1182.3 


80 


82 


313.8 


5.34 


283.8 


899.0 


1182.8 


82 


84 


315.4 


5.22 


. 285.5 


897.7 


1183.2 


84 


86 


317.1 


5.10 


287.2 


896.4 


1183.6 


86 


88 


318.7 


5.00 


288.9 


895.2 


1184.0 


88 


90 


320.3 


4.89 


290.5 


893.9 


1184.4 


90 


92 


321.8 


4.79 


292.1 


892.7 


1184.8 


92 


94 


323.4 


4.69 


293.7 


891.5 


1185.2 


94 1 

1 



^Atmospheric pressure. The latent heat value of 970 B.t.u. will be sufficiently accurate 
for use in this paper. 
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TABLE IV— Continued 
Properties of Saturated Steam 

Taken with permission from Marks & Davis' "Steam Tables and Diagrams*', published 

by I^ngmans, Green and Company. 



Pressure 


Temper- 


Specific Vol- 


Hrat of 


Latent Heat 


Total Heat 


Pressure 


Pounds 


ature 


ume Cu. Ft. 


THE Liquid 


of Evap. 


of Steam 


Pounds 


Absolutk 


Degrees F. 


PER Lb. 


B.T.U. 


B.T.U. 


B.T.U. 


Absolute 


96 


324.9 


4.60 


295.3 


890.3 


1185.6 


96 


98 


326.4 


4.51 


296.8 


889.2 


1186.0 


98 


100 


327.8 


4.43 


298.3 


888.0 


1186.3 


100 


105 


331.4 


4.23 


302.0 


885.2 


1187.2 


105 


110 


334.8 


4.05 


305.5 


882.5 


1188.0 


110 


115 


338.1 


3.88 


309.0 


879.8 


1188.8 


115 


120 


341.3 


3.73 


312.3 


877.2 


1189.6 


120 


125 


344.4 


3.58 


315.5 


874.7 


1190.3 


125 


130 


347.4 


3.45 


318.6 


872.3 


1191.0 


130 


135 


350.3 


3.33 


321.7 


869.9 


1191.6 


135 


140 


353.1 


3.22 


324.6 


867.6 


1192.2 


140 


145 


355.8 


3.11 


327.4 


865.4 


1192.8 


145 


150 


358.5 


3.01 


330.2 


863.2 


1193.4 


150 


155 


361.0 


2.92 


332.9 


861.0 


1194.0 


155 


160 


363.6 


2.83 


335.6 


858.8 


1194.5 


160 


165 


366.0 


2.75 


338.2 


856.8 


1195.0 


165 


170 


368.5 


2.68 


340.7 


854.7 


1195.4 


170 


175 


370.8 


2.60 


343.2 


852.7 


1195.9 


175 


180 


373.1 


2.53 


345.6 


850.8 


1196.4 


180 


190 


377.6 


2.41 


350.4 


846.9 


1197.3 


190 


200 


381.9 


2.29 


354.9 


843.2 


1198.1 


200 



placed in the barrel, so that the water may be thoroughly stirred 
and a uniform temperature maintained during the test. 

To test a sample of steam by this method, fill the barrel about 
two-thirds full of cold water; place it on platform scales, and care- 
fully note its weight and temperature. The weight of the barrel and 
fittings, when empty, should of course be known, so that the weight 
of the water alone can be determined. With the hose removed from 
the barrel, allow steam to blow through the pipe until it has become 
thoroughly heated. If the sampling pipe is long, it should be 
wrapped with hair felt or some form of lagging, to prevent condensa- 
tion during the test. As soon as the pipe line has become thoroughly 
heated, plunge the hose into the barrel and allow the steam to blow 
through the water until it has become well heated. Shut off the 
steam, and carefully note the weight and temperature. 

Suppose W is final weight of water in barrel; w is weight of cold 
condensing water before steam is turned on; tt is temperature of the 
cold water; U is temperature of the hot water; and P is absolute 
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pressure of steam in steam pipe (gage pressure + atmospheric pres- 
sure). 

From Table IV we find that q is the B.t.u. in one pound of the 
liquid contents of the moist steam; q^ the B.t.u. in one pound of the 
cooling water, before the steam was added; ^3 is the B.t.u. in one 
pound of this water after the steam has been added; and r is the heat 
of vaporization corresponding to the absolute pressure— i. e., B.t.u. 
given up by one pound of steam condensed into water. 

If X equals the percentage of dry steam contained in the supply 
pipe, 1—x will represent the amount of priming; x (W—w) equals 
the total amount of dry steam condensed; and (1— a:) (W—w) equals 
the total amoimt of moisture brought into the barrel by the moist 
steam. 

If qi equals the heat in one pound of cooling water, then qiw 
will equal the total heat in the barrel at the beginning. 

For the same reason q2W will equal the total heat after the 
steam has been condensed, and q^W—qiW will equal the total amount 
of heat gained by the water in the barrel. 

If r is the heat of vaporization, then rx (JV—w) will equal the 
B.t.u. contained in the dry steam; and if q is the heat of the liquid 
corresponding to the same pressure, then g (1— a:) {W—w) will equal 
the B.t.u. contained in the moisture brought over by the steam. 
It is apparent that the sum of these two quantities will be the total 
number of B.t.u. brought from the steam main to the water barrel, 
and must be equal to q^W—qiW, the heat gained by the water in the 
barrel. The solution of this equation will result in a formula which 
will save some mathematical computations. 

That the method may be perfectly clear, let us first consider a 
numerical example in full. 

Example. Find the amount of dry steam and the amoimt of priming in 
one pound of moist steam. 

Let w equal 455 pounds; W equal 495 pounds; i^ equal 50° F.; t^ equal 
140° F.; P equal 75 pounds; and from Table IV q equals 277.4; qi equals 
18; and qi equals 108. Then the total heat in the barrel after condensation 
is equal to 

(495 X 108) = 53,460 B.t.u. 

The total heat before condensation was equal to 

455 X 18 = 8190 B.t.u. 
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Therefore, the heat brought over by the moist steam will be 

53,460 - 8190 = 45,270 B.t.u. 

Now, from Table IV, 

g = 277.4 r = 903.7 

The heat given up by condensation of the dry steam will then be 

903.7 X (495 - 455) a; = 40x X 903.7 = 36,148a; 

And the heat of the liquid in the moisture and condensed steam will .be 

40 X 277.4 = 11,096 

Making the total heat in the moist steam equal 11,096 X 36,148a;. Therefore, 

11,096 + 36,148x= 45,270 
36,148x= 34,174 

x= 0.945 

That is, every pound of moist steam contains .945 pounds dry steam and . 055 
pounds moisture; or we may say there was 5.5 per cent of priming. 

A formula for the above analysis may be derived by the follow- 
ing algebraic work: 

Total heat in bbl. after condensation = PFg2 
Total heat in bbl. before condensation = ii;gi 
Total heat brought over by stea,ui = Wq2—wqi 
Heat of liquid in condensed steam = (W—w) q 
Latent he^t in dry steB,ui=x{W—w) r 
Total heat in moist stesiTxi = x{W—w)r+{W—w)q 
Therefore 

X (W—w) r+(W'-w)q = Wq2—wqi 
xr (W'-w) = Wq2—wqi — Wq+wq 

or, transposing to a more convenient form 

^^ w{q'-qi)-W(q-q2) 
r{W—w) 

The use of barrel calorimeter is not especially to be commended, 
for it is liable to error, and a slight discrepancy in the weights or 
the temperatures may cause a large error in the result. In the above 
calculations, no allowance is made for loss of heat by radiation. 

Separating Calorimeter. This instrument, shown in Fig. 41, 
consists of a chamber A, into which is led a steam pipe D, bringing 
a sample of steam from the boiler or steam main. This pipe leads 
into an enlargement perforated with small holes, or into a chamber 
A as shown in Fig. 41. The calorimeter separates the moisture 
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from the steam just as a steam separator does; and the exhaust, 1 
which is dry steam, passes out of the pipe P, wherein is inserted t 1 
diaphragm containing small orifices, by means of which the quandt; Ihd 
of steam fiowtng out can be calculated by thermodynamic methods. 
The exhaust steam can, of course, be led to some form of conden^ 
apparatus, if de^red, and the amount of condensation found b 
weighing. 

As the steam enters the calorimeter, the moisture is drawn 
toward the bottom of the chamber. The amount of water coUedeo 
can readily be read from the gage glas 
the side, to which a graduated scale should t 
be attached. 

The amount of moisture conttuneo 
in the steam can be weighed directly by 
drawing it out of the gage cock E. Th^ 
amount of dry steam is measured by it^ 
flow through the orifices, or by conden— ' 
sation. If W equals weight of stean* 
discharged from the calorimeter, w equals 
weight of water collected and P equals 
percentage of priming, then 

/» = _!£_- 

W+w 

If only 8 small quantity of steam is 

used, an allowance must be made for 

condensation; but if the instrument is 

well lagged with hair felt or other suitable 

material, and a sufficient quantity of 

steam is used, the error from radiation 

may be neglected. Steam should be 

allowed to flow through the instrument 

until it has become thoroughly heated 

before beginning the test. 

Throttling Calorimeter. This was invented by Professor Cecil H, 

Peabody, and is made with varying constructive details. Fig. 42 

shows the general arrangement. The mixture of steam and water 

from the boiler is taken from the main steam pipe through what b 




. SepBTBtlOK Calorimeter 
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tenned a sampling pipe. Various forms of this pipe are made. 
One arrangement consists of a pipe closed at its inner end, but having 
numerous holes J inch in diameter drilled staggered around the sides. 
The calorimeter should be placed as close as possible to the main 
steam pipe, and the gage for indicating the pressure in the main 
steam pipe should be placed on the latter and near the calorimeter. 
The gage is sometimes connected to a tee on the pipe leading to the 
calorimeter; but it is better to have this gage where the velocity of 



F^eaaare in CeloHea 



^W 




Fig. 42. DiogTun 



•r Fmbody Tbrottlini 



the flowing steam is less. A valve is placed in the pipe to the calorim- 
eter, below which is inserted a nipple A having a small converpng 
orifice D, about 0.2 of an inch in diameter and very carefully made. 
The object of such an orifice is to determine the weight of steam 
flowing through the calorimeter, so that an allowance may be made 
for the loss when testing an engine or boiler, where the net weight 
used is required. A cup B is screwed into the top, for holding an 
accurate thermometer. The cup is made of biaaa, &u<l ia Med ^th. 
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oil; but if mercury is used, the cup must be of iron or steel. A deli- 
cate gage C, for determining the pressure in the calorimeter, and a 
pipe and valves at the bottom, complete the apparatus. The valve 
N is sometimes omitted, and a simple pipe used, as the throttling 
is best accomplished by use of the valve E or orifice P. All pipe3 
leading to the calorimeter should be well covered with a good non- 
conductor. 

To use the instrument, proceed as follows: Open wide valves 
E and N, to bring the apparatus to a uniform temperature; then 
gradually close E until the steam in the calorimeter is superheated; 
that is, until the temperature as shown by the thermometer is 
greater than that corresponding to the absolute pressure determined 
from the reading of the gage C and barometric pressure. The result 
may now be calculated as follows: 

a: = weight of steam contained in one pound of the mixture from 
the main steam pipe or other source; 

Xc= total heat corresponding to the absolute pressure deter- 
mined from the reading of the gage C and barometric pressure;* 

r = temperature as shown by the thermometer; 

fc = temperature of steam corresponding to the absolute pres- 
sure as determined by the reading of the gage C and barometric 
pressure; 

g« = heat of the liquid corresponding to the absolute pressure in 
the steam pipe; 

ra = heat of evaporation corresponding to the absolute pressure 
in the steam pipe; 

0.48 = heat required to superheat the steam one degree Fahren- 
heit under constant pressure. , 

Using the above notations, we find the total heat in one pound 
superheated steam in calorimeter equals Xc+0.48 (T—tc) B.t.u.; 
and total heat in one pound moist steam in steam main equals 

XTa+Qa B.t.U. 

These two quantities are equal; and x being the only unknown 
quantity, the following equation can easily be solved: 

\c+0A8{T-Q-qs 
a: = . 



''Some steam tables use H instead of the Greek letter X (lambda). 
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Example. Barometric pressure, 14.78 pounds. Absolute pressure in 
main steam pipe, 87 . 78 pounds. Absolute pressure in calorimeter, 23 . 03 pounds. 
Temperature (T) = 260° F. Then, 

Xe= 1158.8 g, = 288.9 

t^ =235.45 r, =895.2 

1158.8+.48 (260-235.45) -288.9 ^ ^^ . ,, 
X = ^^^^ 1 =0.984 lb. 

Or, in other words, 98.4 per cent of the mixture is steam; or the moisture equals 
1—0.984, or 0.016, or 1.6 per cent. 

This form of calorimeter is suitable only for cases where the 
moisture does not exceed three per cent of the mixture. Its prin- 
ciple is based upon the assumption that there is no loss of heat, in 
which case steam mixed with a small amount of water is superheated 
when the pressure is reduced by throttling. 

BOILER TRIALS 
METHOD OF MAKING TEST 

Quantities to be Determined. The object of a boiler trial is to 
determine the quantity and quality of steam the boiler will supply 
under given conditions, the horsepower of the boiler, the amount 
of fuel it takes to make the required steam, and the eflBciency of 
operation. 

The quantity of steam is taken as the' amount of water evapo- 
rated, which, of course, is the total amount fed into the boiler during 
the test, the water level being the same at the beginning and the end 
less the moisture in the steam. 

The quality of the steam can be determined by some form of 
calorimeter already described; and the eflBciency is the ratio of the 
heat units absorbed by the boiler to the total heat generated in the 
furnace. The heat utilized in evaporation can be found by multi- 
plying the number of pounds of feed water by the number of heat 
units required to change the water at the temperature of the feed 
into steam at gage pressure, making allowance for the moisture in 
the steam. The heat units supplied can be determined by carefully 
weighing the fuel used during the test, and deducting the amount of 
ash and unburned fuel going through the grates, with proper allow- 
ance for moisture, multiplying the result by the total heat of com- 
bustion of the fuel. The heat of combustion can be obtained by 
calculation, or by means of a fuel calorimeter. 
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Conditions Before the Test, Before a test starts, the boiler 
must be in good working order and fired for some hours before the 
beginning of the test, so that the brickwork and chinmey may be 
thoroughly heated. Shortly before the test is begun, the fire may 
be allowed to burn low; and, by reducing the amount of steam taken 
from the boiler, the pressure can be kept constant. The fire may 
then be drawn, the grate cleaned, and a new fire quickly started, 
with wood and fresh coal. Toward the end of the test the fire may 
be allowed to burn low, and at the close may be drawn and quenched 
with water, the unburned fuel being allowed for. This method has 
been supplanted by the "flying" start and stop method, in which 
beginning and ending conditions are made as nearly alike as pos- 
sible. 

Quantities Which Must be Known. During the boiler trial, 
observations of temperatures and pressures should be made at the 
same time, and at about 15-minute intervals. In order to obtain 
the result of the test, the following must be known: 

(1) Amount (in pounds) of coal burned, and number of pounds 
of ashes left; 

(2) Number of pounds of water pumped into boiler; 

(3) Temperature of feed water when it enters boiler; 

(4) Pressure of steam in boiler; 

(5) Quality of steam discharged from boiler — that is, the per 
cent of moisture in the steam. 

(6) The heat value of the fuel. 

Weight of Coal. The coal for the furnace can be conveniently 
weighed in barrels, and may be fired directly from these barrels or 
dumped on the fireroom floor. The barrels should be carefully 
weighed when full and empty, and the time recorded, so that there 
may be no possibility of counting one barrel twice or omitting any. 
The rate of combustion will be fairly uniform, and the calculations 
at the times of emptying the barrel will fairly indicate whether or 
not an error has been made. Any unburned coal should be weighed 
and the amount subtracted. 

Condition of Fire. The condition of the fire should be the same 
at the beginning and the end. This condition is estimated by the 
eye; and unless great care is used, an appreciable error is likely to 
^e made. The clinker and ashes should be carefully collected and 
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weighed, and a sample of the ashes analyzed, to obtain the amount 
of unburned fuel. 

Amount of Water Pumped into Boiler. There are several ways 
of determining the amount of water pumped into the boiler. The 
best method is to weigh it in tanks or barrels set upon standard 
scales. There should be two or more barrels of sufficient size, so 
that the filling and emptying may not be hurried. They should be 
set high enough to discharge readily into the tank or hot well from 
which the feed water is drawn. The valves should be large, and 
should open quickly, so that the emptying may not be delayed. If 
barrels are used, they should be numbered, and the weight of each 
accurately noted, so that there may be no mistake in deducting the 
weight of a barrel from the total weight of barrel and water. When 
one barrel is being emptied, the other may be filled. The weigher 
must use care and intelligence; otherwise he may become confused 
in his records, as in a boiler of considerable size the barrels fill and 
empty rapidly. At the beginning of the test, the level of the water 
in the hot well should be recorded, and at the end of the test should 
be brought to the same mark. If inconvenient to weigh the water, 
it may be measured by a meter; but if a meter is used, it should be 
tested and its error determined under like conditions of temperature 
and pressure. The feed water should be free from air, as otherwise 
too large a meter reading will be recorded. 

The level in the water glass of the boiler should be carefully noted 
at the beginning and at end of the test. If possible, the level should be 
constant throughout the test; and if there is any difference between 
the beginning and the end, due allowance should be made for it. 

Temperature of Feed Water. The temperature of the feed water 
can be taken best by means of a thermometer in a cup filled with oil 
screwed into the feed pipe near the check valve. If the temperature 
is nearly constant, readings at I5-minute intervals will suffice; other- 
wise readings should be taken more frequently. 

Steam Pressure. The steam pressure shown by the gage should 
be as nearly constant as possible throughout the test, and should be 
practically the same both at the beginning and at the end. Gage 
readings shoidd be recorded every 15 minutes, and the fireman 
should see that the pressure is constant. The gage should be tested, 
and corrected if necessary. 
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Barometer Readings. Barometric readings should also be taken, 
two or three being sufficient for a ten-hour run. These readings, 
in inches, may be made to indicate pounds pressure by multiplying 
by .491, this being the weight of one cubic inch of mercury. If the 
trial is on a vertical boiler which furnishes superheated steam because 
of the heat being in contact with the tubes above the water level, 
both the pressure gage and the thermometer should be used, so that 
the amount of superheating can readily be found by subtracting the 
temperature due to pressure (obtained from the steam tables) from 
the temperature readings. 

Qtudiiy of Steam Used. The quality of steam can be readily 
determined by a calorimeter. If there is sufficient steam space 
within the boiler, from 1 to 2 per cent priming will generally result. 
If the steam space is inadequate, there will be more priming. If 
more than 2 per cent priming is present, the steam will blow white 
from the gage cocks when opened; if less than 2 per cent, it will 
appear blue. 

Miscellaneous Observations. The above observations are of the 
more important class, and must be taken. In addition to these, it 
is well to take samples of the flue gas at intervals and from various 
places in the furnace or chimney, the object being to determine 
whether there is a sufficient supply of air admitted, or whether there 
is too much. The draft of the chimney may be measiu-ed by means 
of a U-tube partly filled with water, or by a draft gage. 

ABSTRACT OF A. S. M. E. BOILER TEST CODE 

It is well to bear in mind that in making the boiler test the 
utmost care must be used, both in taking observations and in record- 
ing them, and in working up the results of the trial. A committee 
of the American Society of Mechanical Engineers has recommended 
a code of rules for boiler trials, and the following constitutes an 
abstract from a voluminous code of rules prepared by this society. 
The reader is referred to the latest revised code for more complete 
information on the subject, though it should be remembered that the 
principles found therein will agree closely with the methods here given. 
Preliminaries. 1. In preparing for and conducting trials of steam 

boilers, the specific object of the proposed trial should be clearly 

defined and steadily kept in view. 
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2. Measure and record the dimensions, position, etc., of grate and 

heating surfaces, flues, and chimneys; proportion of air space in 
the grate surface; kind of draft, natural or forced. 

3. Put the boiler in good condition. Have heating surface clean 
inside and out; grate bars and sides of furnace free from clinkers; 
dust and ashes removed from back connections; leaks in masonry 
stopped; and all obstructions to draft removed. See that the 
damper will open to full extent, and that it may be closed when 
desired. Test for leaks in masonry by firing a little smoky 
fuel and inmiediately closing damper. The smoke will escape 
through the leaks if there be any. 

4. Have an understanding with the persons in whose interest the 
test is to be made as to the character of the coal to be used. In 
all important tests, a sample of coal should be selected for 
chemical analysis. 

5. Establish the correctness of all apparatus used in the test for 
weighing anfl measuring. These are: (1) Scales for weighing 
coal, ashes, and water. (2) Tanks or water meters for measuring 
water. Water meters, as a rule, should only be used as a check 
on other measurements. For accurate work the water should 
be weighed or measured in a tank. (3) Thermometers and 
pyrometers for taking temperatures of air, steam, feed water, 
waste gases, etc. (4) Pressure gages, draft gages, etc. 

6. Before beginning a test, the boiler and chimney should be 
thoroughly heated to their usual working temperature. If the 
boiler is new, it should be in continuous use at least a week 
before testing in order to dry the mortar thoroughly and heat 
the walls. 

7. Before beginning a test, the boiler and connections should be 
free from leaks, and all water connections, including blow and 
extra feed pipes, should be disconnected or stopped with blank 
flanges, except the particular pipe through which water is to be 
fed to the boiler during the trial. In locations where the relia- 
bility of the power is so important that an extra feed pipe must 
be kept in position and, in general, when, for any other reason, 
water pipes other than the feed pipes cannot be disconnected, 
such pipes may be drilled so as to leave openings in their lower 
sides, which should be kept open throughout the test as a means 
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of detecting leaks or accidental or unauthorized opening of 
valves. During the test the blow-oflF pipe should remain exposed. 

If an injector is used, it must receive steam directly from the 
boiler being tested, and not from a steam pipe or from any other 
boiler. 

See that the steam pipe is so arranged that water of conden- 
sation cannot run back into the boiler. If the steam pipe has 
such an inclination that the water of condensation from any 
portion of the steam-pipe system may run back into the boiler, 
it must be trapped so as to prevent this water from getting into 
the boiler without being measured. 

8. A test should last at least ten hours of continuous running, and 
twenty-four hours whenever practicable. 

9. The conditions of the boiler and furnace in all respects should 
be, as nearly as possible, the same at the end as at the beginning 
of the test. The steam pressure should be the same, the water 
level the same, the fire upon the grates should be the sejie in 
quantity and condition, and the walls, flues, etc., should be of 
the same temperature. 

Method of Starting and Stopping a Test. To secure as near an 
approximation to exact uniformity as possible in conditions of 
the fire and in temperatures of the walls and flues, the following 
methods of starting and stopping a test should be adopted. 

10. Standard Method. Steam being raised to the working pressure, 
remove rapidly all the fire from the grate, close the damper, 
clean the ash pit, and as quickly as possible start a new fire with 
weighed wood and coal, noting the time of starting the test and 
the height of the water level while the water is in a quiescent 
state, just before lighting the fire. 

At the end of the test, remove the whole fire, clean the 
grates and ash pit, and note the water level when the water is in 
a quiescent state; record the time of hauling the fire as the end of 
the test. The water level should be as nearly as possible the 
same as at the beginning of the test. If it is not the same, a 
correction should be made by computation, and not by operating 
pump after test is completed. It will generally be necessary 
for a time to regulate the discharge of steam from the boiler 
tested by means of the stop valve, while fires are being hauled 
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at the beginning and at the end of the test, in order to keep the 
steam pressure in the boiler at those times up to the average 
during the test. 
11. Alternate Method, Instead of the Standard method above 
described, the following may be employed where local conditions 
render it necessary. 

At the regular time for slicing and cleaning fires, have them 
burned rather low, as is usual before cleaning, and then thor- 
oughly cleaned; note the amount of coal left on the grate as neariy 
as it can be estimated; note the pressure of steam and the height 
of the water level — ^which should be at the medium height to be 
carried throughout the test — at the same time; and note this 
time as the time of starting the test. Fresh coal, which has 
been weighed, should now be fired. The ash pits should be 
thoroughly cleaned at once after starting. Before the end of the 
test the fires should be burned low, just as before the start, and 
the fires cleaned in such a manner as to leave the same amount 
of fire, and in the same condition, on the grates as at the start. 
The water level and steam pressure should be brought to the 
same point as at the start, and the time of the ending of the test 
should be noted just before fresh coal is fired. 
Keep Conditions Uniform^ 12. The boiler should be run continu- 
ously, without stopping for mealtimes or for rise or fall of 
pressure of steam due to change of demand for steam. The 
draft, being adjusted to the rate of evaporation or combustion 
desired before the test is begun, should be kept uniform during 
the test by means of the damper. 

If the boiler is not connected to the same steam pipe with 
other boilers, an extra outlet for steam with valve in same should 
be provided, so that in case the pressure should rise to that at 
which the safety valve is set, it may be reduced to the desired 
point by opening the extra outlet without checking the fires. 
If the boiler is connected to a main steam pipe with other 
boilers, the safety valve on the boiler being tested should be set a 
few pounds higher than those of the other boilers, so that in case 
of a rise in pressure the other boilers may blow off and the pres- 
sure be reduced by closing their dampers, allowing the damper 
of the boiler being tested to remain open, and firing as usual. 



106 BOILER PRACTICE 

All conditions, such as force of draft, pressure of steam, 
and height of water, should be kept as nearly uniform as possible. 
The time of cleaning the fires will depend upon the character of 
the fuel, the rapidity of combustion, and the kind of grates. 
When very good coal is used, and the combustion is not too rapid, 
a ten-hour test may be run without any cleaning of the grates 
other than just before the beginning and just before the end of the 
test. But in case the grates have to be cleaned during the test, the 
intervals between one cleaning and another should be uniform. 

Keeping the Records. 13. The coal should be weighed and de- 
livered to the fireman in equal portions, each sufficient for about 
one hour's run, and a fresh portion should not be delivered until 
the previous one has all been fired. The time required to con- 
sume each portion should be noted, the time being recorded at 
the instant of firing the first of each new portion. It is desirable 
that at the same time the amount of water fed into the boiler be 
accurately noted and recorded, including the height of the 
water in the boiler and the average pressure of steam and tem- 
perature of feed during the time. By thus recording the amount 
of water evaporated by successive portions of coal, the record 
of the test may be divided into several divisions, if desired, at the 
end of the test, to discover the degree of uniformity of combus- 
tion, evaporation, and economy at different stages of the test. 

Priming Tests. 14. In all tests in which accuracy of results is 
important, calorimeter tests should be made of the percentage 
of moisture in the steam, or of the degree of superheating. At 
least ten such tests should be made during the trial of the boiler, 
or as many as may be needed to reduce the probable average 
error to less than one per cent. The final records of the boiler 
test should be corrected according to the average results of the 
calorimeter tests. 

On account of the difficulty of securing accuracy in these 
tests, the greatest care should be taken in the measurements of 
weights and temperatures. The thermometers should be 
accurate within a tenth of a degree ; and the scales on which the 
water is weighed, to within one-hundredth of a pound. 

Selecting Coal for Analysis. 15. As each fresh portion of coal is 
taken from the coal pocket, a representative shovelful should be 
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selected from it and placed in a barrel or box, to be kept until the 
end of the trial, for analysis. The samples should then be thor- 
oughly mixed and broken. This sample should be put in a pile 
and carefully quartered. One quarter may then be put in 
another pile, and the process repeated until five or six pounds 
remain. One portion of this sample is to be used for the deter- 
mination of the moisture and heating value, the other, for chem- 
ical analysis. 
Miscellaneous Conditions. 16. The ashes should be weighed dry, 
and a sample frequently taken to show the amount of com- 
bustible material passing through the grate. To get a repre- 
sentative ash sample, the ash pile should be quartered as required 
for the coal. 

17. The quality of the fuel should be determined by analysis. 

18. The analysis of the flue gases is an especially valuable method 
of determining the relative value of different methods of firing 
or of different kinds of furnaces. Great care should be taken 
to procure average samples, since the combustion of the gases 
may vary at different points in the flue; and as the combustion 
of flue gas is liable to vary from minute to minute, the sample 
of gas should be drawn through a considerable period of time. 

19. It is desirable to have a uniform system of determining and 
recording the quantity of smoke produced. This is usually 
expressed in percentages, depending upon the judgment of the 
observer. 

20. In tests for the purpose of scientific research in which the 
determination of all variables is desirable, certain observations 
should be made which in general are not necessary — such as the 
measurement of air supply, the determination of its moisture, 
the determination of the heat loss by radiation, the infiltration of 
air through the setting, etc. — but as these determinations, are 
rarely undertaken, no definite instructions are here given. 

21. The following two methods of defining and calculating the 
efficiency of the boiler are recommended: 

/i \ -n/c • J! r •! Heat absorbed per lb. of combustible 

(1) Emciency ot boiler = 7^1 — r^ \ . ., ,, — 5 r — t^tt 

Caiorinc value 01 1 lb. or combustible 

/f»\ T^/r? . i? 1 •! J J. Heat absorbed per lb. of coal 

(2) Efficiency of boiler and grate = ^^j^^.^^ ^^^^^ ^^ ^ ^^^^ ^^ ^^^^ 
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The first of these is the one usually adopted. 

22. An approximate statement of the distribution of the heating 
value of the coal among the several items of heat utilized may 
be included in the report of a test when analyses of the fuel and 
chimney gases have been made. 

Record of the Test, 23. The data and results of the trial should 
be recorded in a systematic manner, according either to Table 
I (see Vol. XXI, Transactions of the American Society of 
Mechanical Engineers), or according to the following tabular 
matter (Table II), taken from those "Transactions'*. 



Data and Results of Evaporative Test 

Arranged in accordance with the short form advised by the Boiler Test Conunittee of the 
American Society of Mechanical Engineers, Code of 1899: 

Made by on boiler, at 

To determine 

Kind of fuel 

Kind of furnace 

Method of starting and stopping the test (Standard or AUematef Arts. X and 

XI, Code) 

Grate surface sq. f t. 

Water-heating siuf ace sq. f t. 

Superheating siuface sq. ft. 

Total Quantities 

1. Date of trial 

2. Duration of trial hours 

3. Weight of coal as fired lb. 

4. Percentage of moisture in coal. per cent 

5. Total weight of dry coal consumed lb. 

6. Total ash and refuse lb. 

7. Percentage of ash and refuse in dry coal per cent 

8. Total weight of water fed to boiler lb. 

9. Water actually evaporated, corrected for moisture or super- 

heat in steam lb. 

10. Equivalent water evaporated into dry steam from and at 

212° F lb. 

Hourly Quantities 

11. Dry coal consumed per hour lb. 

12. Dry coal per square foot of grate surface per hour. . . .lb. 

13. Water evaporated per hour corrected for quality of 

steam lb. 

14. Equivalent evaporation per hour from and at 212° F . . lb. 

15. Equivalent evaporation per hour from and at 212° F. 

per square foot of water-heating surface lb. 
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16. Steam pressure by gE^ lb. 'per sq. in. 

17. Temperature of feed water entering boiler degreea 

18. Temperature of escaping gases from boiler degrees 

19. Force of draft between damper and boiler in. of water 

20. Percentage of moisture in steam, or number of degrees 

superheating per cent or degree 

Horaepower 

21. Horsepower developed (item 14+34^) h.p, 

22. Builder's rated horsepower h.p. 

23. Percentage of builder's rated horsepower developed per cent 

Economic R«sula 

24. Water apparently evaporated under actual conditions per 

pound of coal as fired (item 8+item 3) lb. 

25. Equivalent evaporation from and at 212° F. per pound of coal 

as fired (item 10-Mtem 3) ' lb. 

26. Equivalent evaporation from and at 212° F, per pound of dry 

coal (it«m 10-7-item 5) lb. 

27. Equivalent evaporation from and at 212° F. per pound of oom- 

bufltible [item 10-J-{item 5-item6)] lb. 

If items 25. 2e, Bod 27 are not corrected for quslity of steam, th« fact abould be euted. 
Effidcocr 

28. Calorific value of the dry coal per pound B.t.u. 

29. Calorific value of the combustible per pound B.t.u. 

30. Efficiency of boiler (based on combustible) percent 

31. Efficiency of boiler, including grate (based on dry coal) per cent 

Com of Evaporation 

32. Cost of coal per ton of ——lb. dehvered in boiler room $ 

33. Cost of coal required for evaporating 1,000 lb. of water from 

and at 212° F 

A log of the test should be kept on properly prepared blanks 
containing headings as follows: 
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